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Abstract—FMPC is a novel multiparty computation protocol
of arithmetic circuits based on secret-sharing, capable of com-
puting multiplication of secrets with no online communication; it
thus enjoys constant online communication latency in the size of
the circuit. FMPC is based on the application of Fourier series
to Parseval’s identity, and introduces the first generalization of
Parseval’s identity for Fourier series applicable to an arbitrary
number of inputs. FMPC operates in a setting where users wish
to compute a function over some secret inputs by submitting
the computation to a set of nodes, but is only suitable for the
evaluation of low-depth arithmetic circuits. FMPC relies on an
offline phase consisting of traditional preprocessing as introduced
by established protocols like SPDZ, and innovates on the online
phase that mainly consists of each node locally evaluating specific
functions. FMPC paves the way for a new kind of multiparty
computation protocols capable of computing multiplication of
secrets as an alternative to circuit garbling and the traditional
algebra introduced by Donald Beaver in 1991.
I. INTRODUCTION
Multiparty computation protocols allow multiple users to
compute some function of their combined secret inputs without
revealing any additional information about their inputs other
than the output of the function. FMPC is a secret-sharing based
protocol for arithmetic circuits [6]; it operates in a setting
where users wish to compute a function over some secrets
by submitting the computation to a set of nodes, and is only
suitable for circuits with a low number of multiplications.
The users first secret-share their inputs by breaking them into
multiple shares, and provide each node with one each. The
nodes then perform additions and multiplications on these
shares by local computations, and finally output the result
of the computation. FMPC focuses on the computation of
multiplication of secrets, and assumes that additions can be
performed using traditional algebra as described by SPDZ [6].
As previous secret-sharing based protocols [6], [5], [9],
FMPC divides execution into an offline phase and an online
phase. The offline phase is performed ahead of time and
does not involve any users secret input; the output of the
computation is then evaluated during the online phase. Tra-
ditional secret-sharing based protocols are efficient to com-
pute additions of secrets, but computing multiplication is
expensive [6]; these are based on the algebra introduced by
Donald Beaver [2] relying on the existence of some additional
secret-shared values called triples, that are generated during
the offline phase. Each node then broadcasts their shares of
secrets blinded with these triples value. This causes high
communication complexity during the online phase, especially
for computations requiring many multiplications; their latency
increases with the number of multiplications to evaluate.
FMPC is a novel secret-sharing technique to compute mul-
tiplication of secrets without requiring nodes to communicate
with each other at all during the online phase; FMPC thus
enjoys constant (and low) online communication latency in the
size of the circuit. This is achieved through the application of
Fourier series to Parseval’s identity. On the downside, FMPC
cannot compose operations and is therefore only suitable
to evaluate circuits with a small number of multiplications
(see Section VIII). FMPC relies on established preprocessing
techniques for the offline phase, and makes the following
contributions to the online phase:
• Section IV presents the mathematical construction behind
FMPC by taking the example of a two-user computation.
• Section V provides a concrete instantiation of FMPC and
shows a practical protocol execution.
• Section VI introduces the first generalization of Parse-
val’s identity for Fourier series applicable to an arbitrary
number of inputs, and uses it to extend the two-user
computation scheme presented in Section IV to a scheme
supporting an arbitrary number of users. At the best of
our knowledge, this is the first secret-sharing multiparty
computation protocol scaling to an arbitrary number of
inputs that enables multiplication of secrets with no online
communication.
FMPC is a first of its kind attempt to analytically model MPC
and aims to trigger further debates towards a working system.
II. THREAT MODEL AND GOALS
The following actors participate in a FMPC computation:
• Users: End-user devices submit a computation over some
secret inputs to a set of nodes; they wish to publish the
output of a computation without revealing their secret
inputs to anybody. Without loss of generality, we assume
that each user hold one secret input.
• Nodes: Infrastructure executing the computation submit-
ted by the users.
We model the offline phase as executed by a trusted authority
responsible to generate some scheme parameters and commu-
nicate them to the users; this offline phase can be distributed
using traditional techniques introduced by SPDZ [6] (see
Section IV-B). FMPC assumes passive adversaries who follow
the protocol specification but try to learn more than allowed
about the users secret inputs1. Nodes can collude with each
other as long as there is at least one honest non-colluding node.
1We leave the extension of FMPC to active adversaries as future work;
potentially adapting the MAC-based approach introduced by SPDZ [6].
ar
X
iv
:1
91
2.
02
58
3v
1 
 [c
s.C
R]
  5
 D
ec
 20
19
Under the above threat model, FMPC achieves the following
design goals:
• Private Computation - Parties only learn the output of
the computation.
• Non-Interactivity - Nodes do not communicate with each
other during the online phase to perform computations.
III. BACKGROUND
We recall the theory of Fourier series and Parseval’s
identity, and the expression of some useful convergent sums
analytically; Appendix A shows how to compute them numer-
ically using finite fields.
A. Convolution of Fourier Series
We recall the Fourier series of the convolution between
two functions f(x) and g(x) periodic on (−l, l). Assuming
that f(x) and g(x) ∈ L2[−l, l] (i.e., f(x) and g(x) are square-
integrable in the interval [−l, l]), their respective Fourier series
representations read:
f(x) =
a0
2
+
+∞∑
n=1
an cos
(npix
l
)
+
+∞∑
n=1
bn sin
(npix
l
)
(1)
g(x) =
α0
2
+
+∞∑
n=1
αn cos
(npix
l
)
+
+∞∑
n=1
βn sin
(npix
l
)
where the Fourier coefficients (a0, an, bn) and (α0, αn, βn)
(for n = 1, 2, · · · ) are given below:
a0 =
1
l
∫ l
−l
f(x)dx ; an =
1
l
∫ l
−l
f(x) cos
(npix
l
)
dx (2)
bn =
1
l
∫ l
−l
f(x) sin
(npix
l
)
dx
α0 =
1
l
∫ l
−l
g(x)dx ; αn =
1
l
∫ l
−l
g(x) cos
(npix
l
)
dx
βn =
1
l
∫ l
−l
g(x) sin
(npix
l
)
dx
The convolution function between f(x) and g(x) is defined as
Φ(x) =
(
f ? g
)
(x) ≡ 1
l
∫ l
−l
f(y)g(x− y)dy (3)
By inserting Equation (1) into Equation (3), and by taking into
account the following identities
1
l
∫ l
−l
sin
(n′pi
l
x
)
sin
(npi
l
x
)
dx = δnn′ (4)
1
l
∫ l
−l
cos
(n′pi
l
x
)
cos
(npi
l
x
)
dx = δnn′∫ l
−l
sin
(n′pi
l
x
)
cos
(npi
l
x
)
dx = 0
where δnn′ denotes Kronecker’s delta, we obtain the Fourier
series of the convolution between two functions:
Φ(x) =
c0
2
+
∞∑
n=1
cn cos
(npi
l
x
)
+
∞∑
n=1
dn sin
(npi
l
x
)
(5)
where
c0 =
a0α0
2
; cn = anαn − anβn ; dn = bnαn + bnβn
We also recall that the convolution operation satisfies com-
mutativity and associativity; these properties are used in Sec-
tion VI to scale FMPC to an arbitrary number of inputs.
B. Parseval’s Identity
Let’s assume two functions f(x) and g(x) ∈ L2[−l, l] as
defined in Equation (1); defining the four vectors A, B, α and
β (for n = 1, 2, · · · ) as below,
A = {a0/
√
2, an} ; B = {bn} (6)
α = {α0/
√
2, αn} ; β = {βn}
Parseval’s identity [8] holds for f(x) and g(x):
A ·α+ B · β = 1
l
∫ l
−l
f(x)g(x)dx or (7)(a0α0
2
+
∞∑
n=1
anαn
)
+
( ∞∑
n=1
bnβn
)
=
1
l
∫ l
−l
f(x)g(x)dx
Parseval’s identity only applies to two functions; Section VI-A
presents our generalization of Parseval’s identity that applies
to an arbitrary number of functions used to extend FMPC to
an arbitrary number of inputs.
C. Convergent Sums
FMPC requires the computation of scalar products of
vectors with infinite components. It is therefore crucial that
the infinite series produced by these scalar products are con-
vergent, and that the results of these series can be computed
efficiently and exactly (i.e., analytically). For example, in case
of two users, FMPC requires the evaluation of the following
convergent sums (see Section V):
∞∑
n=1
1
(γ2 − n2)(δ2 − n2) ;
∞∑
n=1
n2
(γ2 − n2)(δ2 − n2) (8)
These expressions can be easily calculated from the following
well-known identity [8]
Ω(γ) =
∞∑
n=1
1
(γ2 − n2) =
pi
2γ
cot(piγ)− 1
2γ2
(9)
as below:
∞∑
n=1
1
(γ2 − n2)(δ2 − n2) =
1
δ2 − γ2
(
Ω(γ)− Ω(δ)
)
=
pi
2(δ2 − γ2)
(cot(piγ)
γ
− cot(piδ)
δ
)
− 1
2γ2δ2
∞∑
n=1
n2
(γ2 − n2)(δ2 − n2) =
1
δ2 − γ2
(
γ2Ω(γ)− δ2Ω(δ)
)
=
pi
2(δ2 − γ2)
(
γ cot(piγ)− δ cot(piδ)
)
Section V illustrates that a convenient choice of the mask
functions allows evaluating the infinite series (i.e., the scalar
products) analytically.
IV. TWO-USERS FMPC CONSTRUCTION
We present the mathematical constructions behind FMPC
by illustrating a two-users computation protocol; Section V
provides a concrete instantiation of this construction.
A. Mathematical Construction
Figure 1 presents a two-users FMPC computation. We
consider two users, Alice holding a secret input a and Bob
holding a secret input b, wishing to compute the product ab
without revealing their secret inputs. The protocol operates on
the public parameters l and q (with 0 < q < 1); and on the two
parametric functions φτ ′ , ψσ′ ∈ L2[−l, l] whose parameters
are generated by the trusted authority Trusty; we refer to those
functions as mask functions. The protocol is divided in two
phases: an offline phase consisting of pre-computations that
can be performed ahead of time as it is independent on the
secret inputs, and an online phase producing the output ab.
a) Offline phase: We model the offline phase as exe-
cuted by a trusted authority Trusty (Section IV-B shows how
to distribute the offline phase). Trusty generates at random τ
and σ, and computes the normalization coefficient η given by
η−1(τ, σ, l) =
1
l
∫ l
−l
φτ (x)ψσ(x)dx (10)
and computes the following normalized mask-functions:
φ˜λ(x) = η
qφτ (x) ψ˜λ(x) = η
1−qψσ(x)
where λ indicates the set of parameters λ = (τ, σ, l, q) (Ê).
Contrarily to traditional secret-sharing protocols like SPDZ [6],
FMPC pushes the complexity at the edges by offloading the
offline phase to the users.
b) Online phase: Trusty sends φ˜λ to Alice and ψ˜λ to
Bob, who respectively compute f and g:
f(x) = aφ˜λ(x) ; g(x) = bψ˜λ(x) (11)
Alice computes the vectors A and B from f(x), and Bob
computes the vectors α and β from g(x) as defined by
Equations (2) and (6) (Ë). Alice sends A to node1 and B
to node2; and Bob sends α to node1 and β to node2. As a
result, node1 gathers the constant and cosine component of the
Parseval’s identity, and node2 gathers the sine component of
the Parseval’s identity (Ë). Node1 outputs (A ·α), and node2
outputs (B·β) (Í); anyone can compute (A·α)+(B·β) = ab
according to Equation (7). The intuition behind the scheme
is to decompose the product ab into two components that
are eventually added together to compute the final result; this
reduces the problem of multiplication of secret to an addition,
which is enabled by Parseval’s identity. Section V presents an
end-to-end example calculation, with practical choices of mask
functions.
B. Decentralization of the Offline Phase
We do not innovate on the offline phase, and rely on exist-
ing established solutions. The offline phase of FMPC randomly
generates the parameters of the mask functions and computes
the normalization coefficient. FMPC may employ the same
technique used by SPDZ [6] to generate multiplicative triples,
which relies on somewhat homomorphic encryption; despite
Alice
secret input:
compute: 
a
<latexit sha1_base64="U04N51n2eN2Xlnnm6PzHjGP/2es=">AAA CJnicbVBLSwMxEM76rPVV9eglWAS9yG4R9CIIXjxWsA/oLstsdtaGZh8kWbUs/TVe/CtePFREvPlTzLY91MdAyJfvm5nMfEEmuNK2/WktLC4 tr6xW1qrrG5tb27Wd3bZKc8mwxVKRym4ACgVPsKW5FtjNJEIcCOwEg6tS79yjVDxNbvUwQy+Gu4RHnIE2lF+7cINUhGoYm4tC9XDuWURHj8cX 4D7wEDUXIRZu1ucj3xWmfQhGHPm1un1iT4L+Bc4M1Mksmn5t7IYpy2NMNBOgVM+xM+0VIDVnAkdVN1eYARvAHfYMTCBG5RWTNUf00DAhjVJpT qLphJ2vKCBW5egmMwbdV7+1kvxP6+U6OvcKnmS5xoRNP4pyQXVKS89oyCUyLYYGAJPczEpZHyQwbZytGhOc3yv/Be3GiWPwzWn9sjGzo0L2y QE5Ig45I5fkmjRJizDyRF7ImLxZz9ar9W59TFMXrFnNHvkR1tc3MYWmKQ==</latexit><latexit sha1_base64="U04N51n2eN2Xlnnm6PzHjGP/2es=">AAA CJnicbVBLSwMxEM76rPVV9eglWAS9yG4R9CIIXjxWsA/oLstsdtaGZh8kWbUs/TVe/CtePFREvPlTzLY91MdAyJfvm5nMfEEmuNK2/WktLC4 tr6xW1qrrG5tb27Wd3bZKc8mwxVKRym4ACgVPsKW5FtjNJEIcCOwEg6tS79yjVDxNbvUwQy+Gu4RHnIE2lF+7cINUhGoYm4tC9XDuWURHj8cX 4D7wEDUXIRZu1ucj3xWmfQhGHPm1un1iT4L+Bc4M1Mksmn5t7IYpy2NMNBOgVM+xM+0VIDVnAkdVN1eYARvAHfYMTCBG5RWTNUf00DAhjVJpT qLphJ2vKCBW5egmMwbdV7+1kvxP6+U6OvcKnmS5xoRNP4pyQXVKS89oyCUyLYYGAJPczEpZHyQwbZytGhOc3yv/Be3GiWPwzWn9sjGzo0L2y QE5Ig45I5fkmjRJizDyRF7ImLxZz9ar9W59TFMXrFnNHvkR1tc3MYWmKQ==</latexit><latexit sha1_base64="U04N51n2eN2Xlnnm6PzHjGP/2es=">AAA CJnicbVBLSwMxEM76rPVV9eglWAS9yG4R9CIIXjxWsA/oLstsdtaGZh8kWbUs/TVe/CtePFREvPlTzLY91MdAyJfvm5nMfEEmuNK2/WktLC4 tr6xW1qrrG5tb27Wd3bZKc8mwxVKRym4ACgVPsKW5FtjNJEIcCOwEg6tS79yjVDxNbvUwQy+Gu4RHnIE2lF+7cINUhGoYm4tC9XDuWURHj8cX 4D7wEDUXIRZu1ucj3xWmfQhGHPm1un1iT4L+Bc4M1Mksmn5t7IYpy2NMNBOgVM+xM+0VIDVnAkdVN1eYARvAHfYMTCBG5RWTNUf00DAhjVJpT qLphJ2vKCBW5egmMwbdV7+1kvxP6+U6OvcKnmS5xoRNP4pyQXVKS89oyCUyLYYGAJPczEpZHyQwbZytGhOc3yv/Be3GiWPwzWn9sjGzo0L2y QE5Ig45I5fkmjRJizDyRF7ImLxZz9ar9W59TFMXrFnNHvkR1tc3MYWmKQ==</latexit><latexit sha1_base64="U04N51n2eN2Xlnnm6PzHjGP/2es=">AAA CJnicbVBLSwMxEM76rPVV9eglWAS9yG4R9CIIXjxWsA/oLstsdtaGZh8kWbUs/TVe/CtePFREvPlTzLY91MdAyJfvm5nMfEEmuNK2/WktLC4 tr6xW1qrrG5tb27Wd3bZKc8mwxVKRym4ACgVPsKW5FtjNJEIcCOwEg6tS79yjVDxNbvUwQy+Gu4RHnIE2lF+7cINUhGoYm4tC9XDuWURHj8cX 4D7wEDUXIRZu1ucj3xWmfQhGHPm1un1iT4L+Bc4M1Mksmn5t7IYpy2NMNBOgVM+xM+0VIDVnAkdVN1eYARvAHfYMTCBG5RWTNUf00DAhjVJpT qLphJ2vKCBW5egmMwbdV7+1kvxP6+U6OvcKnmS5xoRNP4pyQXVKS89oyCUyLYYGAJPczEpZHyQwbZytGhOc3yv/Be3GiWPwzWn9sjGzo0L2y QE5Ig45I5fkmjRJizDyRF7ImLxZz9ar9W59TFMXrFnNHvkR1tc3MYWmKQ==</latexit>
Bob
secret input:
compute: 
b<latexit sha1_base64="Vl83o5eI+jCq62aqmKX1sQWZcbI=">AAA CJnicbVDLSgMxFM34rPVVdekmWAp1U2aKoJtCwY3LCvYBnWHIZO60oZkHSUYtQ7/Gjb/ixkVFxJ2fYqbtorZeCDk5596be4+XcCaVaX4bG5t b2zu7hb3i/sHh0XHp5LQj41RQaNOYx6LnEQmcRdBWTHHoJQJI6HHoeqPbXO8+gpAsjh7UOAEnJIOIBYwSpSm31LC9mPtyHOoLe8XK0jMLqs+X DWI/MR8U4z5kdjJkE9fmur1PtDhxS2WzZs4CrwNrAcpoES23NLX9mKYhRIpyImXfMhPlZEQoRjlMinYqISF0RAbQ1zAiIUgnm605wRXN+DiIh T6RwjN2uSIjocxH15khUUO5quXkf1o/VcGNk7EoSRVEdP5RkHKsYpx7hn0mgCo+1oBQwfSsmA6JIFRpZ4vaBGt15XXQqdcsje+vys36wo4CO kcXqIosdI2a6A61UBtR9ILe0BR9GK/Gu/FpfM1TN4xFzRn6E8bPLzM5pio=</latexit><latexit sha1_base64="Vl83o5eI+jCq62aqmKX1sQWZcbI=">AAA CJnicbVDLSgMxFM34rPVVdekmWAp1U2aKoJtCwY3LCvYBnWHIZO60oZkHSUYtQ7/Gjb/ixkVFxJ2fYqbtorZeCDk5596be4+XcCaVaX4bG5t b2zu7hb3i/sHh0XHp5LQj41RQaNOYx6LnEQmcRdBWTHHoJQJI6HHoeqPbXO8+gpAsjh7UOAEnJIOIBYwSpSm31LC9mPtyHOoLe8XK0jMLqs+X DWI/MR8U4z5kdjJkE9fmur1PtDhxS2WzZs4CrwNrAcpoES23NLX9mKYhRIpyImXfMhPlZEQoRjlMinYqISF0RAbQ1zAiIUgnm605wRXN+DiIh T6RwjN2uSIjocxH15khUUO5quXkf1o/VcGNk7EoSRVEdP5RkHKsYpx7hn0mgCo+1oBQwfSsmA6JIFRpZ4vaBGt15XXQqdcsje+vys36wo4CO kcXqIosdI2a6A61UBtR9ILe0BR9GK/Gu/FpfM1TN4xFzRn6E8bPLzM5pio=</latexit><latexit sha1_base64="Vl83o5eI+jCq62aqmKX1sQWZcbI=">AAA CJnicbVDLSgMxFM34rPVVdekmWAp1U2aKoJtCwY3LCvYBnWHIZO60oZkHSUYtQ7/Gjb/ixkVFxJ2fYqbtorZeCDk5596be4+XcCaVaX4bG5t b2zu7hb3i/sHh0XHp5LQj41RQaNOYx6LnEQmcRdBWTHHoJQJI6HHoeqPbXO8+gpAsjh7UOAEnJIOIBYwSpSm31LC9mPtyHOoLe8XK0jMLqs+X DWI/MR8U4z5kdjJkE9fmur1PtDhxS2WzZs4CrwNrAcpoES23NLX9mKYhRIpyImXfMhPlZEQoRjlMinYqISF0RAbQ1zAiIUgnm605wRXN+DiIh T6RwjN2uSIjocxH15khUUO5quXkf1o/VcGNk7EoSRVEdP5RkHKsYpx7hn0mgCo+1oBQwfSsmA6JIFRpZ4vaBGt15XXQqdcsje+vys36wo4CO kcXqIosdI2a6A61UBtR9ILe0BR9GK/Gu/FpfM1TN4xFzRn6E8bPLzM5pio=</latexit><latexit sha1_base64="Vl83o5eI+jCq62aqmKX1sQWZcbI=">AAA CJnicbVDLSgMxFM34rPVVdekmWAp1U2aKoJtCwY3LCvYBnWHIZO60oZkHSUYtQ7/Gjb/ixkVFxJ2fYqbtorZeCDk5596be4+XcCaVaX4bG5t b2zu7hb3i/sHh0XHp5LQj41RQaNOYx6LnEQmcRdBWTHHoJQJI6HHoeqPbXO8+gpAsjh7UOAEnJIOIBYwSpSm31LC9mPtyHOoLe8XK0jMLqs+X DWI/MR8U4z5kdjJkE9fmur1PtDhxS2WzZs4CrwNrAcpoES23NLX9mKYhRIpyImXfMhPlZEQoRjlMinYqISF0RAbQ1zAiIUgnm605wRXN+DiIh T6RwjN2uSIjocxH15khUUO5quXkf1o/VcGNk7EoSRVEdP5RkHKsYpx7hn0mgCo+1oBQwfSsmA6JIFRpZ4vaBGt15XXQqdcsje+vys36wo4CO kcXqIosdI2a6A61UBtR9ILe0BR9GK/Gu/FpfM1TN4xFzRn6E8bPLzM5pio=</latexit>
Node 1
compute:
Node 2
compute:
A
<latexit sha1_base64="AXkmoJuHbgg2goXsE2gOlbj++0k=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRJl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbp X2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtA Mx5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLf GGYAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s 3NVxFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAgC20PA==</latexit><latexit sha1_base64="AXkmoJuHbgg2goXsE2gOlbj++0k=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRJl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbp X2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtA Mx5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLf GGYAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s 3NVxFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAgC20PA==</latexit><latexit sha1_base64="AXkmoJuHbgg2goXsE2gOlbj++0k=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRJl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbp X2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtA Mx5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLf GGYAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s 3NVxFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAgC20PA==</latexit><latexit sha1_base64="AXkmoJuHbgg2goXsE2gOlbj++0k=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRJl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbp X2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtA Mx5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLf GGYAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s 3NVxFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAgC20PA==</latexit>
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Trusty
compute: e  (x)
<latexit sha1_base64="ExhLM8ksXpAwG1ty/yQ0IBBu/xY=">AAA Cs3icfVFNb9swDJW9j3beV7YddxEWFOgwoLCLDt2lQLddduyAJS0QBx4l0YlQ2TIkeltg5A/22Nv+zeQ0h6QdSkDQ4+OjSJGiMdpTmv6N4gc PHz3e2X2SPH32/MXLwavXY29bJ3EkrbHuQoBHo2sckSaDF41DqITBc3H5tY+f/0Lnta1/0KLBaQWzWpdaAgWqGFzt5cIa5RdVuPhRsul25f6f 9yeQ/9YKSRuFXd7M9bLITXhfQQgut/WzXi+29P4+/WeeS2WJ52CaOfAP/MvKzwUS8BMOYplsyu9tJEmKwTA9SFfG74JsDYZsbWfF4DpXVrYV1 iQNeD/J0oamHTjS0mCo3XpsQF7CDCcB1lChn3armS/5XmAUL60Lpya+YjczOqh833dQVkBzfzvWk/+LTVoqP007XTctYS1vCpWt4WR5v0Cut ENJZhEASKdDr1zOwYGksOZ+CNntL98F48ODLODvR8PTw/U4dtlb9o7ts4wds1P2jZ2xEZNRGo2jIvoZf4wnsYjVjTSO1jlv2JbF1T/AgdWj</ latexit><latexit sha1_base64="ExhLM8ksXpAwG1ty/yQ0IBBu/xY=">AAA Cs3icfVFNb9swDJW9j3beV7YddxEWFOgwoLCLDt2lQLddduyAJS0QBx4l0YlQ2TIkeltg5A/22Nv+zeQ0h6QdSkDQ4+OjSJGiMdpTmv6N4gc PHz3e2X2SPH32/MXLwavXY29bJ3EkrbHuQoBHo2sckSaDF41DqITBc3H5tY+f/0Lnta1/0KLBaQWzWpdaAgWqGFzt5cIa5RdVuPhRsul25f6f 9yeQ/9YKSRuFXd7M9bLITXhfQQgut/WzXi+29P4+/WeeS2WJ52CaOfAP/MvKzwUS8BMOYplsyu9tJEmKwTA9SFfG74JsDYZsbWfF4DpXVrYV1 iQNeD/J0oamHTjS0mCo3XpsQF7CDCcB1lChn3armS/5XmAUL60Lpya+YjczOqh833dQVkBzfzvWk/+LTVoqP007XTctYS1vCpWt4WR5v0Cut ENJZhEASKdDr1zOwYGksOZ+CNntL98F48ODLODvR8PTw/U4dtlb9o7ts4wds1P2jZ2xEZNRGo2jIvoZf4wnsYjVjTSO1jlv2JbF1T/AgdWj</ latexit><latexit sha1_base64="ExhLM8ksXpAwG1ty/yQ0IBBu/xY=">AAA Cs3icfVFNb9swDJW9j3beV7YddxEWFOgwoLCLDt2lQLddduyAJS0QBx4l0YlQ2TIkeltg5A/22Nv+zeQ0h6QdSkDQ4+OjSJGiMdpTmv6N4gc PHz3e2X2SPH32/MXLwavXY29bJ3EkrbHuQoBHo2sckSaDF41DqITBc3H5tY+f/0Lnta1/0KLBaQWzWpdaAgWqGFzt5cIa5RdVuPhRsul25f6f 9yeQ/9YKSRuFXd7M9bLITXhfQQgut/WzXi+29P4+/WeeS2WJ52CaOfAP/MvKzwUS8BMOYplsyu9tJEmKwTA9SFfG74JsDYZsbWfF4DpXVrYV1 iQNeD/J0oamHTjS0mCo3XpsQF7CDCcB1lChn3armS/5XmAUL60Lpya+YjczOqh833dQVkBzfzvWk/+LTVoqP007XTctYS1vCpWt4WR5v0Cut ENJZhEASKdDr1zOwYGksOZ+CNntL98F48ODLODvR8PTw/U4dtlb9o7ts4wds1P2jZ2xEZNRGo2jIvoZf4wnsYjVjTSO1jlv2JbF1T/AgdWj</ latexit><latexit sha1_base64="ExhLM8ksXpAwG1ty/yQ0IBBu/xY=">AAA Cs3icfVFNb9swDJW9j3beV7YddxEWFOgwoLCLDt2lQLddduyAJS0QBx4l0YlQ2TIkeltg5A/22Nv+zeQ0h6QdSkDQ4+OjSJGiMdpTmv6N4gc PHz3e2X2SPH32/MXLwavXY29bJ3EkrbHuQoBHo2sckSaDF41DqITBc3H5tY+f/0Lnta1/0KLBaQWzWpdaAgWqGFzt5cIa5RdVuPhRsul25f6f 9yeQ/9YKSRuFXd7M9bLITXhfQQgut/WzXi+29P4+/WeeS2WJ52CaOfAP/MvKzwUS8BMOYplsyu9tJEmKwTA9SFfG74JsDYZsbWfF4DpXVrYV1 iQNeD/J0oamHTjS0mCo3XpsQF7CDCcB1lChn3armS/5XmAUL60Lpya+YjczOqh833dQVkBzfzvWk/+LTVoqP007XTctYS1vCpWt4WR5v0Cut ENJZhEASKdDr1zOwYGksOZ+CNntL98F48ODLODvR8PTw/U4dtlb9o7ts4wds1P2jZ2xEZNRGo2jIvoZf4wnsYjVjTSO1jlv2JbF1T/AgdWj</ latexit>
; e  (x)
<latexit sha1_base64="yhyknjm+HKgVgYdBqoQROVgq5O8=">AAA Cs3icfVFLa9wwEJbdR1L3tW2PvYgugZRCsENKegmk7aXHFLqbwHpxR9J4V0S2jDRuu5j9gznm1n9TebOH3aRkQOib+b55aCQaoz2l6d8ofvD w0eOd3SfJ02fPX7wcvHo99rZ1EkfSGusuBHg0usYRaTJ40TiEShg8F5dfe/78Fzqvbf2DFg1OK5jVutQSKISKwdVeLqxRflGFix8lm25X7v95 fwL5b62QtFHY5c1cL4vchPoKArnc1s96vdjS+/v0n3kulSWeg2nmwD/wLys/F0jATziIZbIpv7dwkhSDYXqQrozfBdkaDNnazorBda6sbCusS RrwfpKlDU07cKSlwdC79diAvIQZTgKsoUI/7VY7X/K9EFG8tC6cmvgqupnRQeX7uYOyApr721wf/B83aan8NO103bSEtbxpVLaGk+X9B3KlH UoyiwBAOh1m5XIODiSFb+6XkN1+8l0wPjzIAv5+NDw9XK9jl71l79g+y9gxO2Xf2BkbMRml0Tgqop/xx3gSi1jdSONonfOGbVlc/QPR6NWu</ latexit><latexit sha1_base64="yhyknjm+HKgVgYdBqoQROVgq5O8=">AAA Cs3icfVFLa9wwEJbdR1L3tW2PvYgugZRCsENKegmk7aXHFLqbwHpxR9J4V0S2jDRuu5j9gznm1n9TebOH3aRkQOib+b55aCQaoz2l6d8ofvD w0eOd3SfJ02fPX7wcvHo99rZ1EkfSGusuBHg0usYRaTJ40TiEShg8F5dfe/78Fzqvbf2DFg1OK5jVutQSKISKwdVeLqxRflGFix8lm25X7v95 fwL5b62QtFHY5c1cL4vchPoKArnc1s96vdjS+/v0n3kulSWeg2nmwD/wLys/F0jATziIZbIpv7dwkhSDYXqQrozfBdkaDNnazorBda6sbCusS RrwfpKlDU07cKSlwdC79diAvIQZTgKsoUI/7VY7X/K9EFG8tC6cmvgqupnRQeX7uYOyApr721wf/B83aan8NO103bSEtbxpVLaGk+X9B3KlH UoyiwBAOh1m5XIODiSFb+6XkN1+8l0wPjzIAv5+NDw9XK9jl71l79g+y9gxO2Xf2BkbMRml0Tgqop/xx3gSi1jdSONonfOGbVlc/QPR6NWu</ latexit><latexit sha1_base64="yhyknjm+HKgVgYdBqoQROVgq5O8=">AAA Cs3icfVFLa9wwEJbdR1L3tW2PvYgugZRCsENKegmk7aXHFLqbwHpxR9J4V0S2jDRuu5j9gznm1n9TebOH3aRkQOib+b55aCQaoz2l6d8ofvD w0eOd3SfJ02fPX7wcvHo99rZ1EkfSGusuBHg0usYRaTJ40TiEShg8F5dfe/78Fzqvbf2DFg1OK5jVutQSKISKwdVeLqxRflGFix8lm25X7v95 fwL5b62QtFHY5c1cL4vchPoKArnc1s96vdjS+/v0n3kulSWeg2nmwD/wLys/F0jATziIZbIpv7dwkhSDYXqQrozfBdkaDNnazorBda6sbCusS RrwfpKlDU07cKSlwdC79diAvIQZTgKsoUI/7VY7X/K9EFG8tC6cmvgqupnRQeX7uYOyApr721wf/B83aan8NO103bSEtbxpVLaGk+X9B3KlH UoyiwBAOh1m5XIODiSFb+6XkN1+8l0wPjzIAv5+NDw9XK9jl71l79g+y9gxO2Xf2BkbMRml0Tgqop/xx3gSi1jdSONonfOGbVlc/QPR6NWu</ latexit><latexit sha1_base64="yhyknjm+HKgVgYdBqoQROVgq5O8=">AAA Cs3icfVFLa9wwEJbdR1L3tW2PvYgugZRCsENKegmk7aXHFLqbwHpxR9J4V0S2jDRuu5j9gznm1n9TebOH3aRkQOib+b55aCQaoz2l6d8ofvD w0eOd3SfJ02fPX7wcvHo99rZ1EkfSGusuBHg0usYRaTJ40TiEShg8F5dfe/78Fzqvbf2DFg1OK5jVutQSKISKwdVeLqxRflGFix8lm25X7v95 fwL5b62QtFHY5c1cL4vchPoKArnc1s96vdjS+/v0n3kulSWeg2nmwD/wLys/F0jATziIZbIpv7dwkhSDYXqQrozfBdkaDNnazorBda6sbCusS RrwfpKlDU07cKSlwdC79diAvIQZTgKsoUI/7VY7X/K9EFG8tC6cmvgqupnRQeX7uYOyApr721wf/B83aan8NO103bSEtbxpVLaGk+X9B3KlH UoyiwBAOh1m5XIODiSFb+6XkN1+8l0wPjzIAv5+NDw9XK9jl71l79g+y9gxO2Xf2BkbMRml0Tgqop/xx3gSi1jdSONonfOGbVlc/QPR6NWu</ latexit>e  (x)
<latexit sha1_base64="ExhLM8ksXpAwG1ty/yQ0IBBu/xY=">AAA Cs3icfVFNb9swDJW9j3beV7YddxEWFOgwoLCLDt2lQLddduyAJS0QBx4l0YlQ2TIkeltg5A/22Nv+zeQ0h6QdSkDQ4+OjSJGiMdpTmv6N4gc PHz3e2X2SPH32/MXLwavXY29bJ3EkrbHuQoBHo2sckSaDF41DqITBc3H5tY+f/0Lnta1/0KLBaQWzWpdaAgWqGFzt5cIa5RdVuPhRsul25f6f 9yeQ/9YKSRuFXd7M9bLITXhfQQgut/WzXi+29P4+/WeeS2WJ52CaOfAP/MvKzwUS8BMOYplsyu9tJEmKwTA9SFfG74JsDYZsbWfF4DpXVrYV1 iQNeD/J0oamHTjS0mCo3XpsQF7CDCcB1lChn3armS/5XmAUL60Lpya+YjczOqh833dQVkBzfzvWk/+LTVoqP007XTctYS1vCpWt4WR5v0Cut ENJZhEASKdDr1zOwYGksOZ+CNntL98F48ODLODvR8PTw/U4dtlb9o7ts4wds1P2jZ2xEZNRGo2jIvoZf4wnsYjVjTSO1jlv2JbF1T/AgdWj</ latexit><latexit sha1_base64="ExhLM8ksXpAwG1ty/yQ0IBBu/xY=">AAA Cs3icfVFNb9swDJW9j3beV7YddxEWFOgwoLCLDt2lQLddduyAJS0QBx4l0YlQ2TIkeltg5A/22Nv+zeQ0h6QdSkDQ4+OjSJGiMdpTmv6N4gc PHz3e2X2SPH32/MXLwavXY29bJ3EkrbHuQoBHo2sckSaDF41DqITBc3H5tY+f/0Lnta1/0KLBaQWzWpdaAgWqGFzt5cIa5RdVuPhRsul25f6f 9yeQ/9YKSRuFXd7M9bLITXhfQQgut/WzXi+29P4+/WeeS2WJ52CaOfAP/MvKzwUS8BMOYplsyu9tJEmKwTA9SFfG74JsDYZsbWfF4DpXVrYV1 iQNeD/J0oamHTjS0mCo3XpsQF7CDCcB1lChn3armS/5XmAUL60Lpya+YjczOqh833dQVkBzfzvWk/+LTVoqP007XTctYS1vCpWt4WR5v0Cut ENJZhEASKdDr1zOwYGksOZ+CNntL98F48ODLODvR8PTw/U4dtlb9o7ts4wds1P2jZ2xEZNRGo2jIvoZf4wnsYjVjTSO1jlv2JbF1T/AgdWj</ latexit><latexit sha1_base64="ExhLM8ksXpAwG1ty/yQ0IBBu/xY=">AAA Cs3icfVFNb9swDJW9j3beV7YddxEWFOgwoLCLDt2lQLddduyAJS0QBx4l0YlQ2TIkeltg5A/22Nv+zeQ0h6QdSkDQ4+OjSJGiMdpTmv6N4gc PHz3e2X2SPH32/MXLwavXY29bJ3EkrbHuQoBHo2sckSaDF41DqITBc3H5tY+f/0Lnta1/0KLBaQWzWpdaAgWqGFzt5cIa5RdVuPhRsul25f6f 9yeQ/9YKSRuFXd7M9bLITXhfQQgut/WzXi+29P4+/WeeS2WJ52CaOfAP/MvKzwUS8BMOYplsyu9tJEmKwTA9SFfG74JsDYZsbWfF4DpXVrYV1 iQNeD/J0oamHTjS0mCo3XpsQF7CDCcB1lChn3armS/5XmAUL60Lpya+YjczOqh833dQVkBzfzvWk/+LTVoqP007XTctYS1vCpWt4WR5v0Cut ENJZhEASKdDr1zOwYGksOZ+CNntL98F48ODLODvR8PTw/U4dtlb9o7ts4wds1P2jZ2xEZNRGo2jIvoZf4wnsYjVjTSO1jlv2JbF1T/AgdWj</ latexit><latexit sha1_base64="ExhLM8ksXpAwG1ty/yQ0IBBu/xY=">AAA Cs3icfVFNb9swDJW9j3beV7YddxEWFOgwoLCLDt2lQLddduyAJS0QBx4l0YlQ2TIkeltg5A/22Nv+zeQ0h6QdSkDQ4+OjSJGiMdpTmv6N4gc PHz3e2X2SPH32/MXLwavXY29bJ3EkrbHuQoBHo2sckSaDF41DqITBc3H5tY+f/0Lnta1/0KLBaQWzWpdaAgWqGFzt5cIa5RdVuPhRsul25f6f 9yeQ/9YKSRuFXd7M9bLITXhfQQgut/WzXi+29P4+/WeeS2WJ52CaOfAP/MvKzwUS8BMOYplsyu9tJEmKwTA9SFfG74JsDYZsbWfF4DpXVrYV1 iQNeD/J0oamHTjS0mCo3XpsQF7CDCcB1lChn3armS/5XmAUL60Lpya+YjczOqh833dQVkBzfzvWk/+LTVoqP007XTctYS1vCpWt4WR5v0Cut ENJZhEASKdDr1zOwYGksOZ+CNntL98F48ODLODvR8PTw/U4dtlb9o7ts4wds1P2jZ2xEZNRGo2jIvoZf4wnsYjVjTSO1jlv2JbF1T/AgdWj</ latexit>
e  (x)
<latexit sha1_base64="yhyknjm+HKgVgYdBqoQROVgq5O8=">AAA Cs3icfVFLa9wwEJbdR1L3tW2PvYgugZRCsENKegmk7aXHFLqbwHpxR9J4V0S2jDRuu5j9gznm1n9TebOH3aRkQOib+b55aCQaoz2l6d8ofvD w0eOd3SfJ02fPX7wcvHo99rZ1EkfSGusuBHg0usYRaTJ40TiEShg8F5dfe/78Fzqvbf2DFg1OK5jVutQSKISKwdVeLqxRflGFix8lm25X7v95 fwL5b62QtFHY5c1cL4vchPoKArnc1s96vdjS+/v0n3kulSWeg2nmwD/wLys/F0jATziIZbIpv7dwkhSDYXqQrozfBdkaDNnazorBda6sbCusS RrwfpKlDU07cKSlwdC79diAvIQZTgKsoUI/7VY7X/K9EFG8tC6cmvgqupnRQeX7uYOyApr721wf/B83aan8NO103bSEtbxpVLaGk+X9B3KlH UoyiwBAOh1m5XIODiSFb+6XkN1+8l0wPjzIAv5+NDw9XK9jl71l79g+y9gxO2Xf2BkbMRml0Tgqop/xx3gSi1jdSONonfOGbVlc/QPR6NWu</ latexit><latexit sha1_base64="yhyknjm+HKgVgYdBqoQROVgq5O8=">AAA Cs3icfVFLa9wwEJbdR1L3tW2PvYgugZRCsENKegmk7aXHFLqbwHpxR9J4V0S2jDRuu5j9gznm1n9TebOH3aRkQOib+b55aCQaoz2l6d8ofvD w0eOd3SfJ02fPX7wcvHo99rZ1EkfSGusuBHg0usYRaTJ40TiEShg8F5dfe/78Fzqvbf2DFg1OK5jVutQSKISKwdVeLqxRflGFix8lm25X7v95 fwL5b62QtFHY5c1cL4vchPoKArnc1s96vdjS+/v0n3kulSWeg2nmwD/wLys/F0jATziIZbIpv7dwkhSDYXqQrozfBdkaDNnazorBda6sbCusS RrwfpKlDU07cKSlwdC79diAvIQZTgKsoUI/7VY7X/K9EFG8tC6cmvgqupnRQeX7uYOyApr721wf/B83aan8NO103bSEtbxpVLaGk+X9B3KlH UoyiwBAOh1m5XIODiSFb+6XkN1+8l0wPjzIAv5+NDw9XK9jl71l79g+y9gxO2Xf2BkbMRml0Tgqop/xx3gSi1jdSONonfOGbVlc/QPR6NWu</ latexit><latexit sha1_base64="yhyknjm+HKgVgYdBqoQROVgq5O8=">AAA Cs3icfVFLa9wwEJbdR1L3tW2PvYgugZRCsENKegmk7aXHFLqbwHpxR9J4V0S2jDRuu5j9gznm1n9TebOH3aRkQOib+b55aCQaoz2l6d8ofvD w0eOd3SfJ02fPX7wcvHo99rZ1EkfSGusuBHg0usYRaTJ40TiEShg8F5dfe/78Fzqvbf2DFg1OK5jVutQSKISKwdVeLqxRflGFix8lm25X7v95 fwL5b62QtFHY5c1cL4vchPoKArnc1s96vdjS+/v0n3kulSWeg2nmwD/wLys/F0jATziIZbIpv7dwkhSDYXqQrozfBdkaDNnazorBda6sbCusS RrwfpKlDU07cKSlwdC79diAvIQZTgKsoUI/7VY7X/K9EFG8tC6cmvgqupnRQeX7uYOyApr721wf/B83aan8NO103bSEtbxpVLaGk+X9B3KlH UoyiwBAOh1m5XIODiSFb+6XkN1+8l0wPjzIAv5+NDw9XK9jl71l79g+y9gxO2Xf2BkbMRml0Tgqop/xx3gSi1jdSONonfOGbVlc/QPR6NWu</ latexit><latexit sha1_base64="yhyknjm+HKgVgYdBqoQROVgq5O8=">AAA Cs3icfVFLa9wwEJbdR1L3tW2PvYgugZRCsENKegmk7aXHFLqbwHpxR9J4V0S2jDRuu5j9gznm1n9TebOH3aRkQOib+b55aCQaoz2l6d8ofvD w0eOd3SfJ02fPX7wcvHo99rZ1EkfSGusuBHg0usYRaTJ40TiEShg8F5dfe/78Fzqvbf2DFg1OK5jVutQSKISKwdVeLqxRflGFix8lm25X7v95 fwL5b62QtFHY5c1cL4vchPoKArnc1s96vdjS+/v0n3kulSWeg2nmwD/wLys/F0jATziIZbIpv7dwkhSDYXqQrozfBdkaDNnazorBda6sbCusS RrwfpKlDU07cKSlwdC79diAvIQZTgKsoUI/7VY7X/K9EFG8tC6cmvgqupnRQeX7uYOyApr721wf/B83aan8NO103bSEtbxpVLaGk+X9B3KlH UoyiwBAOh1m5XIODiSFb+6XkN1+8l0wPjzIAv5+NDw9XK9jl71l79g+y9gxO2Xf2BkbMRml0Tgqop/xx3gSi1jdSONonfOGbVlc/QPR6NWu</ latexit>
Fig. 1. Overview of FMPC execution. Trusty sends φ˜λ(x) to Alice and
ψ˜λ(x) to Bob (Ê). Alice computes A and B, and Bob computes α and β
according to Equation (6) (Ë); Alice sends A to node1 and B to node2,
and Bob sends α to node1 and β to node2 (Ì). Node1 outputs (A · α)
and node2 outputs (B · β) (Í); anyone can compute A ·α+B · β = ab
according to Equation (7).
the simplicity of this approach, it incurs expensive public key
cryptography and may lead to high cost. Mascot [9] overcomes
this limitation by using oblivious transfer to generate the triples
values during the offline phase. Section V-D shows how to use
the offline phase of those protocols to instantiate a practical
FMPC computation. Alternatively, FMPC may rely on a semi-
trusted authority to run the offline phase; the authority is
then trusted to correctly generate those parameters and to not
collude with the nodes, but never learns any information about
the users inputs.
V. INSTANTIATION OF TWO-USERS FMPC COMPUTATION
We illustrate a practical example of FMPC computation
considering the following mask-functions:
φτ (x) = τ1 sin(τ2x) + τ3 cos(τ4x) (12)
ψσ(x) = σ1 sin(σ2x) + σ3 cos(σ4x)
for parameters τ = (τ1, τ2, τ3, τ4) and σ = (σ1, σ2, σ3, σ4).
For simplicity, we set q = 1/2, and
τ2 = σ4 =
pi
4l
; τ4 = σ2 =
3pi
4l
(13)
to obtain the following normalized mask-functions:
φ˜τ (x) = η
1/2
(
τ1 sin
( pi
4l
x
)
+ τ3 cos
(
3pi
4l
x
))
(14)
ψ˜σ(x) = η
1/2
(
σ1 sin
(
3pi
4l
x
)
+ σ3 cos
( pi
4l
x
))
with η =
pi
2(τ1σ1 + τ3σ3)
Algorithm 1 FMPC example computation – Offline phase
1: procedure TRUSTY
2: τ1, τ3, σ1, σ3 ← random from Fpm
3: compute η = pi2(τ1σ1+τ3σ3) mod N
4: send (τ1, τ3, η) to Alice
5: send (σ1, σ3, η) to Bob
Algorithm 2 FMPC example computation – Online phase
1: procedure ALICE(τ1, τ3, η)
2: compute a0 = 4
√
2
3pi aτ3η
1/2 mod N
3: compute â0 = 4
√
2
3pi aτ1η
1/2 mod N
4: send a0 to node1 and â0 to node2
5: procedure BOB(σ1, σ3, η)
6: compute α0 = 4
√
2
pi bσ3η
1/2 mod N
7: compute α̂0 = 4
√
2
pi bσ1η
1/2 mod N
8: send α0 to node1 and α̂0 to node2
9: procedure NODE1(a0, α0)
10: output s1 = (3pi/16)a0α0 mod N
11: procedure NODE2(â0, α̂0)
12: output s2 = (3pi/16)â0α̂0 mod N
A. Protocol Execution
We show how the protocol illustrated in Figure 1 executes
using the mask functions given by Equation (12).
a) Offline phase: Algorithm 1 illustrates the offline
phase; Trusty generates at random (τ1, τ3, σ1, σ3); computes
the normalization coefficients η; and sends (τ1, τ3, η) to Alice
and (σ1, σ3, η) to Bob (Ê).
b) Online phase: Algorithm 2 illustrates the on-
line phase; Alice computes (a0, â0), and Bob computes
(α0, α̂0) (Ë). Alice sends a0 to node1 and â0 to node2;
Bob sends α0 to node1 and α̂0 to node2 (Ì). Node1 has
all information it needs to compute an and αn (see Equa-
tion (15) of Section V-B)—those can be computed from the
mere knowledge of a0 and α0—and outputs s1 = a0α0/2 +∑∞
n=1 anαn. In practice, node1 only evaluates and outputs
s1 = (3pi/16)a0α0 (see Equation (17) of Section V-B).
Similarly, node2 has all information to compute bn and
βn (those can be computed from â0 and α̂0), and outputs
s2 =
∑∞
n=1 bnβn; in practice, node2 simply outputs s2 =
(3pi/16)â0 α̂0 (see Equation (18) of Section V-B). Anyone can
compute s1 + s2 = ab, which follows from Equation (7) (Í).
All operations are performed over a finite field FNpm where
p is prime, m is integer and N = pm − 1; addition, multipli-
cation, and the modular inverse are implemented by modular
arithmetic mod N , that is 0 ≤ n ≤ N − 1.
B. Correctness of the Computation
We compute the normalization coefficients and the nor-
malized mask functions according to Equation (10) and (11);
and the functions f(x) and g(x) according to Equation (11).
All computations are performed using Wolfram Mathematica2
11.2, we release our script as open source3. The Fourier
2http://www.wolfram.com/mathematica/
3 https://gist.github.com/asonnino/7d3abd570736d13bddf61fa429692983
coefficients (a0, an, bn) and (α0, αn, βn) are then given
below (for n = 1, 2, · · · ):
a0 =
4
√
2
3pi
aτ3η
1/2 ; an =
9(−1)n
9− 16n2 a0 (15)
bn =
12(−1)nn
1− 16n2 â0
α0 =
4
√
2
pi
bσ3η
1/2 ; αn =
(−1)n
1− 16n2α0
βn =
4(−1)nn
9− 16n2 α̂0
where:
â0 =
4
√
2
3pi
aτ1η
1/2 ; α̂0 =
4
√
2
pi
bσ1η
1/2 (16)
η =
pi
2(τ1σ1 + τ3σ3)
We can easily check Parseval’s identity; node1 computes
a0α0
2
+
∞∑
n=1
anαn = (17)
a0α0
(1
2
+
9
256
∞∑
n=1
1
[(3/4)2 − n2][(1/4)2 − n2]
)
=
3pi
16
a0α0
and node2 computes
∞∑
n=1
bnβn = (18)
3
16
â0α̂0
∞∑
n=1
n2
[(3/4)2 − n2][(1/4)2 − n2] =
3pi
16
â0α̂0
Equation (17) and Equation (18) are computed by evaluating
the convergent sums given by Equation (8) of Section III. By
adding Equation (17) to Equation (18), we finally get:
a0α0
2
+
∞∑
n=1
anαn+
∞∑
n=1
bnβn =
3pi
16
(a0α0+â0α̂0) = ab (19)
C. Security Analysis
We show that no adversary can retrieve the secret inputs
a and b from the knowledge of (a0, α0, â0, α̂0, η). We assume
passive adversaries; i.e., they follow the protocol specification
but try to learn more than allowed (see Section II). Informally,
the adversary possesses five equations, i.e., the expressions of
(a0, α0, â0, α̂0, η), and six unknown, i.e., (a, b, τ1, τ3, σ1, σ3).
The adversary thus holds fewer equations than unknowns,
which make it information-theoretically impossible to recover
any unknown value. Theorem 1 presents this result more
formally.
Theorem 1. The scheme presented in Section V-A achieves
perfect secrecy against a passive adversary holding θ =
(a0, α0, â0, α̂0, η) ∈ Fpm ; i.e., for all distribution of a, b ∈
Fpm and for all θ = (a0, α0, â0, α̂0, η) ∈ Fpm , we have
Pr[a|θ] = Pr[a] and Pr[b|θ] = Pr[b].
Proof: Let us first consider the input a. For any a, θ ∈
Fpm we introduce the conditional probability Pr[a|θ] in terms
of the joint probability
Pr[a|θ] = Pr[a ∧ θ]
Pr[θ]
=
Pr[θ|a]Pr[a]
Pr[θ]
(20)
where the second equality is guaranteed by Bayes’ theorem. It
is useful to compute Pr[θ] using the law of total probability.
Conditioning over all a ∈ Fpm gives
Pr[θ] =
∑
a∈Fpm
Pr[θ|a]Pr[a] (21)
Removing all constant and known factors from the expression
of θ, we get
Pr[θ|a] = Pr[θ̂] (22)
where,
θ̂ = (τ1η
1/2 ∧ τ3η1/2 ∧ bσ1η1/2 ∧ bσ3η1/2 ∧ η) (23)
which is independent of a. Hence,
Pr[θ] = Pr[θ|a]
∑
a∈Fpm
Pr[a] = Pr[θ|a] = Pr[θ̂] (24)
Plugging Equation (22) and Equation (24) into Equation (20),
we get Pr[a|θ] = Pr[a]. The same reasoning applies to the
input b.
This implies that nodes are not able to recover the users
inputs even if they collude (but multiple nodes are still required
to handle additions of secrets, as in SPDZ [6]).
D. Discussion
We discuss convenient choice of mask functions, distribu-
tion of the offline phase, and extension to multiple nodes.
a) Convenient choice of mask functions: Even though
FMPC applies to any kind of square-integrable functions, a
convenient choice of family of mask functions (in the case
of two players) is {ξ(j)1 sin(ξ(j)2 x) + ξ(j)3 cos(ξ(j)4 x)} where
parameters ξ(j)i are randomly chosen (with i = 1, 2, 3, 4
and users j = 1, 2). The parameters ξ(j)2 and ξ
(j)
4 (with
j = 1, 2) are public, and it is convenient to set them to
ξ
(1)
2 = ξ
(2)
4 = pi/(4l) and ξ
(1)
4 = ξ
(2)
2 = (3pi)/(4l) (see
Equation (14)). The main advantage of this family of mask-
functions is that they forgo the need to resort to numerical cal-
culations to compute the contributions of Parseval’s identity—
calculating the numerical sums of the Parseval’s identity is
never needed—users simply evaluate them using the analytic
expressions provided in Section III-C. We can easily observe
that it is possible to select mask-functions allowing to perform
all calculations analytically even for a large number of users;
mask functions composed of sums of sine and cosine ensures
convergence, and can be evaluated using expressions similar
to those given in Section III-C.
b) Distribution of the offline phase: Established proto-
cols like SPDZ require the generation of multiplicative triplets
during the offline phase; i.e., they provide a functionality
to generate three elements (x, y, z) such that xy = z in a
distributed manner. FMPC may execute twice this functionality
to generate (τ1, σ1) such that τ1σ1 = η1, and (τ3, σ3) such that
τ3σ3 = η3; and then simply compute:
η =
pi
2(η1 + η3)
=
pi
2(τ1σ1 + τ3σ3)
(25)
c) Extension to an arbitrary number of nodes: Sec-
tion V-C shows that colluding nodes cannot retrieve the users
inputs; multiple nodes are only required to handle addition of
secrets. However, we can easily extend FMPC to an arbitrary
number of nodes m as we can always split the calculations
of Parseval’s identity into an arbitrary number parts. This can
be accomplished in many ways; for instance we may split the
vectors A, B, α, and β in several contributions, by requiring
each of the m nodes to perform only a specific part of the
scalar products, under the constraint that the sum of their
output matches with the final values of the scalar products
of Parseval’s identity. Note that for the example depicted in
Equation (15) (Section V-B), we can simply split the scalars
a0 and α0 into m shares in such a way that the sum of
the contributions coincides with the final scalar products (by
applying appropriate normalization).
VI. EXTENSION TO MULTIPLE PLAYERS
We introduces the first generalization of Parseval’s identity
for Fourier series applicable to an arbitrary number of inputs,
and uses it to extend the two-user computation scheme pre-
sented in Section IV to an arbitrary number of users.
A. Generalization of Parseval’s Identity
We present the generalization of Parseval’s identity for
Fourier series applicable to n inputs. Parseval’s identity tra-
ditionally applies only to two functions; we overcome this
drawback by using the convolution operation between two
functions. We illustrate Parseval’s identity for three inputs,
which can easily be generalized for an arbitrary number of
inputs. Section VI-B leverages these considerations to build
the n-users FMPC protocol.
Firstly we observe that in the case of two users, Parseval’s
identity may be cast into the following form
1
2
a0α0 +
1
2
(A+B) · (α+ β) + 1
2
(A−B) · (α− β) =
1
l
∫ l
−l
f(x)g(x)dx (26)
Let’s now consider three inputs, f(x), g(x) and h(x) with
Fourier series representations given by Equation (1) and by
h(x) =
γ0
2
+
∞∑
n=1
γn cos
(npi
l
x
)
+
∞∑
n=1
%n sin
(npi
l
x
)
(27)
respectively; the generalized Parseval’s identity reads:
1
2
a0α0γ0 +
1
2
(A+B) · (α+ β) · (γ + %)+ (28)
1
2
(A−B) · (α− β) · (γ − %) =
1
l
∫ l
−l
f(x)(g ? h)(x)dx+
1
l
∫ l
−l
g(x)(f ? h)(x)dx+
1
l
∫ l
−l
h(x)(f ? g)(x)dx− 2
l
∫ l
−l
hˆc(x)(fˆc ? gˆc)(x)dx
or
a0α0γ0
2
+
1
2
∞∑
n=1
(an + bn)(αn + βn)(γn + %n)+ (29)
1
2
∞∑
n=1
(an − bn)(αn − βn)(γn − %n) =
1
l
∫ l
−l
f(x)(g ? h)(x)dx+(
1
l
∫ l
−l
g(x)(f ? h)(x)dx− 1
l
∫ l
−l
gˆc(x)(fˆc ? hˆc)(x)dx
)
+
(
1
l
∫ l
−l
h(x)(f ? g)(x)dx− 1
l
∫ l
−l
hˆc(x)(fˆc ? gˆc)(x)dx
)
Vectors A, B, α, β and γ and % are respectively defined as
A = {an} ; B = {bn} (n = 1, 2, · · · ) (30)
α = {αn} ; β = {βn} (n = 1, 2, · · · )
γ = {γn} ; % = {%n} (n = 1, 2, · · · )
and
fˆc(x) ≡ 1
2
(
f(x) + f(−x)
)
; gˆc(x) ≡ 1
2
(
g(x) + g(−x)
)
hˆc(x) ≡ 1
2
(
h(x) + h(−x)
)
(31)
We simply include γ0, (γ+ %), and (γ− %) in the left-hand
side of the equation, and adapt the right-end side to match
calculations. A mathematical formula for an arbitrary number
of inputs can easily be obtained following the same logic.
B. Mathematical Construction
We extend the two-user FMPC scheme presented in Sec-
tion IV to a scheme supporting n-users.
a) Offline phase: Trusty generates at random the param-
eters of n mask-functions (φ1, · · · , φn); it then computes the n
normalization coefficients similarly to Equation (10), and uses
them to compute the normalized mask-functions (φ˜1, · · · , φ˜n)
as shown in Equation (11). This is analogue to the offline phase
of the protocol presented in Section IV-A, except that we now
consider n mask-functions instead of two.
b) Online phase: Trusty sends a normalized mask func-
tion to each user; they compute (f1, · · · , fn) using their secret
inputs (a1, · · · , an), and their Fourier coefficients according
to Equation (11) and Equation (2). Similarly to Section IV-A,
users send the constant and cosine component of Parseval’s
identity to node1, and the sine component to node2; therefore
the protocol can always be executed with two nodes. Each
node then computes and outputs the scalar product of the users
coefficients vector, and the product
∏n
i=1 ai is computed by
summing the output of each node according to the generalized
Parseval’s identity presented in Section VI-A.
Figure 2 shows an example of execution of FMPC for three
users. Each user, Alice, Bob and Charlie receives a normalized
mask-function from Trusty. In this case the normalization
Alice
secret input:
compute: 
a
<latexit sha1_base64="U04N51n2eN2Xlnnm6PzHjGP/2es=">AAA CJnicbVBLSwMxEM76rPVV9eglWAS9yG4R9CIIXjxWsA/oLstsdtaGZh8kWbUs/TVe/CtePFREvPlTzLY91MdAyJfvm5nMfEEmuNK2/WktLC4t r6xW1qrrG5tb27Wd3bZKc8mwxVKRym4ACgVPsKW5FtjNJEIcCOwEg6tS79yjVDxNbvUwQy+Gu4RHnIE2lF+7cINUhGoYm4tC9XDuWURHj8cX4D 7wEDUXIRZu1ucj3xWmfQhGHPm1un1iT4L+Bc4M1Mksmn5t7IYpy2NMNBOgVM+xM+0VIDVnAkdVN1eYARvAHfYMTCBG5RWTNUf00DAhjVJpTqL phJ2vKCBW5egmMwbdV7+1kvxP6+U6OvcKnmS5xoRNP4pyQXVKS89oyCUyLYYGAJPczEpZHyQwbZytGhOc3yv/Be3GiWPwzWn9sjGzo0L2yQE5 Ig45I5fkmjRJizDyRF7ImLxZz9ar9W59TFMXrFnNHvkR1tc3MYWmKQ==</latexit><latexit sha1_base64="U04N51n2eN2Xlnnm6PzHjGP/2es=">AAA CJnicbVBLSwMxEM76rPVV9eglWAS9yG4R9CIIXjxWsA/oLstsdtaGZh8kWbUs/TVe/CtePFREvPlTzLY91MdAyJfvm5nMfEEmuNK2/WktLC4t r6xW1qrrG5tb27Wd3bZKc8mwxVKRym4ACgVPsKW5FtjNJEIcCOwEg6tS79yjVDxNbvUwQy+Gu4RHnIE2lF+7cINUhGoYm4tC9XDuWURHj8cX4D 7wEDUXIRZu1ucj3xWmfQhGHPm1un1iT4L+Bc4M1Mksmn5t7IYpy2NMNBOgVM+xM+0VIDVnAkdVN1eYARvAHfYMTCBG5RWTNUf00DAhjVJpTqL phJ2vKCBW5egmMwbdV7+1kvxP6+U6OvcKnmS5xoRNP4pyQXVKS89oyCUyLYYGAJPczEpZHyQwbZytGhOc3yv/Be3GiWPwzWn9sjGzo0L2yQE5 Ig45I5fkmjRJizDyRF7ImLxZz9ar9W59TFMXrFnNHvkR1tc3MYWmKQ==</latexit><latexit sha1_base64="U04N51n2eN2Xlnnm6PzHjGP/2es=">AAA CJnicbVBLSwMxEM76rPVV9eglWAS9yG4R9CIIXjxWsA/oLstsdtaGZh8kWbUs/TVe/CtePFREvPlTzLY91MdAyJfvm5nMfEEmuNK2/WktLC4t r6xW1qrrG5tb27Wd3bZKc8mwxVKRym4ACgVPsKW5FtjNJEIcCOwEg6tS79yjVDxNbvUwQy+Gu4RHnIE2lF+7cINUhGoYm4tC9XDuWURHj8cX4D 7wEDUXIRZu1ucj3xWmfQhGHPm1un1iT4L+Bc4M1Mksmn5t7IYpy2NMNBOgVM+xM+0VIDVnAkdVN1eYARvAHfYMTCBG5RWTNUf00DAhjVJpTqL phJ2vKCBW5egmMwbdV7+1kvxP6+U6OvcKnmS5xoRNP4pyQXVKS89oyCUyLYYGAJPczEpZHyQwbZytGhOc3yv/Be3GiWPwzWn9sjGzo0L2yQE5 Ig45I5fkmjRJizDyRF7ImLxZz9ar9W59TFMXrFnNHvkR1tc3MYWmKQ==</latexit><latexit sha1_base64="U04N51n2eN2Xlnnm6PzHjGP/2es=">AAA CJnicbVBLSwMxEM76rPVV9eglWAS9yG4R9CIIXjxWsA/oLstsdtaGZh8kWbUs/TVe/CtePFREvPlTzLY91MdAyJfvm5nMfEEmuNK2/WktLC4t r6xW1qrrG5tb27Wd3bZKc8mwxVKRym4ACgVPsKW5FtjNJEIcCOwEg6tS79yjVDxNbvUwQy+Gu4RHnIE2lF+7cINUhGoYm4tC9XDuWURHj8cX4D 7wEDUXIRZu1ucj3xWmfQhGHPm1un1iT4L+Bc4M1Mksmn5t7IYpy2NMNBOgVM+xM+0VIDVnAkdVN1eYARvAHfYMTCBG5RWTNUf00DAhjVJpTqL phJ2vKCBW5egmMwbdV7+1kvxP6+U6OvcKnmS5xoRNP4pyQXVKS89oyCUyLYYGAJPczEpZHyQwbZytGhOc3yv/Be3GiWPwzWn9sjGzo0L2yQE5 Ig45I5fkmjRJizDyRF7ImLxZz9ar9W59TFMXrFnNHvkR1tc3MYWmKQ==</latexit>
Bob
secret input:
compute: 
b<latexit sha1_base64="Vl83o5eI+jCq62aqmKX1sQWZcbI=">AAA CJnicbVDLSgMxFM34rPVVdekmWAp1U2aKoJtCwY3LCvYBnWHIZO60oZkHSUYtQ7/Gjb/ixkVFxJ2fYqbtorZeCDk5596be4+XcCaVaX4bG5tb 2zu7hb3i/sHh0XHp5LQj41RQaNOYx6LnEQmcRdBWTHHoJQJI6HHoeqPbXO8+gpAsjh7UOAEnJIOIBYwSpSm31LC9mPtyHOoLe8XK0jMLqs+XDW I/MR8U4z5kdjJkE9fmur1PtDhxS2WzZs4CrwNrAcpoES23NLX9mKYhRIpyImXfMhPlZEQoRjlMinYqISF0RAbQ1zAiIUgnm605wRXN+DiIhT6 RwjN2uSIjocxH15khUUO5quXkf1o/VcGNk7EoSRVEdP5RkHKsYpx7hn0mgCo+1oBQwfSsmA6JIFRpZ4vaBGt15XXQqdcsje+vys36wo4COkcX qIosdI2a6A61UBtR9ILe0BR9GK/Gu/FpfM1TN4xFzRn6E8bPLzM5pio=</latexit><latexit sha1_base64="Vl83o5eI+jCq62aqmKX1sQWZcbI=">AAA CJnicbVDLSgMxFM34rPVVdekmWAp1U2aKoJtCwY3LCvYBnWHIZO60oZkHSUYtQ7/Gjb/ixkVFxJ2fYqbtorZeCDk5596be4+XcCaVaX4bG5tb 2zu7hb3i/sHh0XHp5LQj41RQaNOYx6LnEQmcRdBWTHHoJQJI6HHoeqPbXO8+gpAsjh7UOAEnJIOIBYwSpSm31LC9mPtyHOoLe8XK0jMLqs+XDW I/MR8U4z5kdjJkE9fmur1PtDhxS2WzZs4CrwNrAcpoES23NLX9mKYhRIpyImXfMhPlZEQoRjlMinYqISF0RAbQ1zAiIUgnm605wRXN+DiIhT6 RwjN2uSIjocxH15khUUO5quXkf1o/VcGNk7EoSRVEdP5RkHKsYpx7hn0mgCo+1oBQwfSsmA6JIFRpZ4vaBGt15XXQqdcsje+vys36wo4COkcX qIosdI2a6A61UBtR9ILe0BR9GK/Gu/FpfM1TN4xFzRn6E8bPLzM5pio=</latexit><latexit sha1_base64="Vl83o5eI+jCq62aqmKX1sQWZcbI=">AAA CJnicbVDLSgMxFM34rPVVdekmWAp1U2aKoJtCwY3LCvYBnWHIZO60oZkHSUYtQ7/Gjb/ixkVFxJ2fYqbtorZeCDk5596be4+XcCaVaX4bG5tb 2zu7hb3i/sHh0XHp5LQj41RQaNOYx6LnEQmcRdBWTHHoJQJI6HHoeqPbXO8+gpAsjh7UOAEnJIOIBYwSpSm31LC9mPtyHOoLe8XK0jMLqs+XDW I/MR8U4z5kdjJkE9fmur1PtDhxS2WzZs4CrwNrAcpoES23NLX9mKYhRIpyImXfMhPlZEQoRjlMinYqISF0RAbQ1zAiIUgnm605wRXN+DiIhT6 RwjN2uSIjocxH15khUUO5quXkf1o/VcGNk7EoSRVEdP5RkHKsYpx7hn0mgCo+1oBQwfSsmA6JIFRpZ4vaBGt15XXQqdcsje+vys36wo4COkcX qIosdI2a6A61UBtR9ILe0BR9GK/Gu/FpfM1TN4xFzRn6E8bPLzM5pio=</latexit><latexit sha1_base64="Vl83o5eI+jCq62aqmKX1sQWZcbI=">AAA CJnicbVDLSgMxFM34rPVVdekmWAp1U2aKoJtCwY3LCvYBnWHIZO60oZkHSUYtQ7/Gjb/ixkVFxJ2fYqbtorZeCDk5596be4+XcCaVaX4bG5tb 2zu7hb3i/sHh0XHp5LQj41RQaNOYx6LnEQmcRdBWTHHoJQJI6HHoeqPbXO8+gpAsjh7UOAEnJIOIBYwSpSm31LC9mPtyHOoLe8XK0jMLqs+XDW I/MR8U4z5kdjJkE9fmur1PtDhxS2WzZs4CrwNrAcpoES23NLX9mKYhRIpyImXfMhPlZEQoRjlMinYqISF0RAbQ1zAiIUgnm605wRXN+DiIhT6 RwjN2uSIjocxH15khUUO5quXkf1o/VcGNk7EoSRVEdP5RkHKsYpx7hn0mgCo+1oBQwfSsmA6JIFRpZ4vaBGt15XXQqdcsje+vys36wo4COkcX qIosdI2a6A61UBtR9ILe0BR9GK/Gu/FpfM1TN4xFzRn6E8bPLzM5pio=</latexit>
Node 1
compute:
Node 2
compute:
A
<latexit sha1_base64="AXkmoJuHbgg2goXsE2gOlbj++0k=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRJl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbpX 2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtAMx 5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLfGG YAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s3NV xFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAgC20PA==</latexit><latexit sha1_base64="AXkmoJuHbgg2goXsE2gOlbj++0k=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRJl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbpX 2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtAMx 5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLfGG YAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s3NV xFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAgC20PA==</latexit><latexit sha1_base64="AXkmoJuHbgg2goXsE2gOlbj++0k=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRJl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbpX 2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtAMx 5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLfGG YAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s3NV xFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAgC20PA==</latexit><latexit sha1_base64="AXkmoJuHbgg2goXsE2gOlbj++0k=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRJl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbpX 2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtAMx 5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLfGG YAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s3NV xFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAgC20PA==</latexit>
↵
<latexit sha1_base64="fzJvRqC3A+4MNvHG8OCwZHd+dz8=">AAA Cd3icfVFNT9tAEF0b2lL3g5Te6KGrplTpBdmoUrkgofbCkUoNIGWjaLweJyvWXmt3DESW/wI/jhv/o5feug45EKgYabVP773RfKWVVo7i+DYI 19afPX+x8TJ69frN283eu60TZ2orcSiNNvYsBYdalTgkRRrPKotQpBpP0/OfnX56gdYpU/6meYXjAqalypUE8tSkdy1SozM3L/zHBehqBtHOPa 7JB1dfD0BcqgxJ6QwbUc1UOxHa18jAi+2qf9r50xW/e8r/Q8jMkEiRoI2iSa8f78aL4I9BsgR9tozjSe9GZEbWBZYkNTg3SuKKxg1YUlJjG4n aYQXyHKY48rCEAt24Weyt5TueyXhurH8l8QV7P6OBwnVtemcBNHMPtY78nzaqKd8fN6qsasJS3hXKa83J8O4IPFMWJem5ByCt8r1yOQMLkvyp uiUkD0d+DE72dhOPf33rH+4t17HBPrBPbMAS9p0dsiN2zIZMsj/BdtAPPgd/w4/hl3BwZw2DZc57thJh8g8kkMCO</latexit><latexit sha1_base64="fzJvRqC3A+4MNvHG8OCwZHd+dz8=">AAA Cd3icfVFNT9tAEF0b2lL3g5Te6KGrplTpBdmoUrkgofbCkUoNIGWjaLweJyvWXmt3DESW/wI/jhv/o5feug45EKgYabVP773RfKWVVo7i+DYI 19afPX+x8TJ69frN283eu60TZ2orcSiNNvYsBYdalTgkRRrPKotQpBpP0/OfnX56gdYpU/6meYXjAqalypUE8tSkdy1SozM3L/zHBehqBtHOPa 7JB1dfD0BcqgxJ6QwbUc1UOxHa18jAi+2qf9r50xW/e8r/Q8jMkEiRoI2iSa8f78aL4I9BsgR9tozjSe9GZEbWBZYkNTg3SuKKxg1YUlJjG4n aYQXyHKY48rCEAt24Weyt5TueyXhurH8l8QV7P6OBwnVtemcBNHMPtY78nzaqKd8fN6qsasJS3hXKa83J8O4IPFMWJem5ByCt8r1yOQMLkvyp uiUkD0d+DE72dhOPf33rH+4t17HBPrBPbMAS9p0dsiN2zIZMsj/BdtAPPgd/w4/hl3BwZw2DZc57thJh8g8kkMCO</latexit><latexit sha1_base64="fzJvRqC3A+4MNvHG8OCwZHd+dz8=">AAA Cd3icfVFNT9tAEF0b2lL3g5Te6KGrplTpBdmoUrkgofbCkUoNIGWjaLweJyvWXmt3DESW/wI/jhv/o5feug45EKgYabVP773RfKWVVo7i+DYI 19afPX+x8TJ69frN283eu60TZ2orcSiNNvYsBYdalTgkRRrPKotQpBpP0/OfnX56gdYpU/6meYXjAqalypUE8tSkdy1SozM3L/zHBehqBtHOPa 7JB1dfD0BcqgxJ6QwbUc1UOxHa18jAi+2qf9r50xW/e8r/Q8jMkEiRoI2iSa8f78aL4I9BsgR9tozjSe9GZEbWBZYkNTg3SuKKxg1YUlJjG4n aYQXyHKY48rCEAt24Weyt5TueyXhurH8l8QV7P6OBwnVtemcBNHMPtY78nzaqKd8fN6qsasJS3hXKa83J8O4IPFMWJem5ByCt8r1yOQMLkvyp uiUkD0d+DE72dhOPf33rH+4t17HBPrBPbMAS9p0dsiN2zIZMsj/BdtAPPgd/w4/hl3BwZw2DZc57thJh8g8kkMCO</latexit><latexit sha1_base64="fzJvRqC3A+4MNvHG8OCwZHd+dz8=">AAA Cd3icfVFNT9tAEF0b2lL3g5Te6KGrplTpBdmoUrkgofbCkUoNIGWjaLweJyvWXmt3DESW/wI/jhv/o5feug45EKgYabVP773RfKWVVo7i+DYI 19afPX+x8TJ69frN283eu60TZ2orcSiNNvYsBYdalTgkRRrPKotQpBpP0/OfnX56gdYpU/6meYXjAqalypUE8tSkdy1SozM3L/zHBehqBtHOPa 7JB1dfD0BcqgxJ6QwbUc1UOxHa18jAi+2qf9r50xW/e8r/Q8jMkEiRoI2iSa8f78aL4I9BsgR9tozjSe9GZEbWBZYkNTg3SuKKxg1YUlJjG4n aYQXyHKY48rCEAt24Weyt5TueyXhurH8l8QV7P6OBwnVtemcBNHMPtY78nzaqKd8fN6qsasJS3hXKa83J8O4IPFMWJem5ByCt8r1yOQMLkvyp uiUkD0d+DE72dhOPf33rH+4t17HBPrBPbMAS9p0dsiN2zIZMsj/BdtAPPgd/w4/hl3BwZw2DZc57thJh8g8kkMCO</latexit>
;B<latexit sha1_base64="gufdBKZSljc2GSrp3h25oo/8f0U=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRhl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbpX 2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtAMx 5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLfGG YAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s3NV xFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAghO0PQ==</latexit><latexit sha1_base64="gufdBKZSljc2GSrp3h25oo/8f0U=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRhl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbpX 2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtAMx 5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLfGG YAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s3NV xFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAghO0PQ==</latexit><latexit sha1_base64="gufdBKZSljc2GSrp3h25oo/8f0U=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRhl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbpX 2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtAMx 5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLfGG YAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s3NV xFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAghO0PQ==</latexit><latexit sha1_base64="gufdBKZSljc2GSrp3h25oo/8f0U=">AAA CWHicbVFNS8MwGE7r5ub8mvPoJTiEeRmtCHoRhl48TnAfsI6Rpm+3sLQpSaqOsj8peNC/4sV068FNXwh58jzPm48nfsKZ0o7zadk7pfJupbpX 2z84PDqunzT6SqSSQo8KLuTQJwo4i6GnmeYwTCSQyOcw8OcPuT54AamYiJ/1IoFxRKYxCxkl2lCTuvB8wQO1iMyE72sXv5ZZ2Hq7vCPeKwtAMx 5A5iUztpx43GwfECMuN/3T3O9v+NWWvzapN522syr8F7gFaKKiupP6uxcImkYQa8qJUiPXSfQ4I1IzymFZ81IFCaFzMoWRgTGJQI2zVTBLfGG YAIdCmhFrvGJ/d2QkUvnljTMieqa2tZz8TxulOrwdZyxOUg0xXR8UphxrgfOUccAkUM0XBhAqmbkrpjMiCdXmL/IQ3O0n/wX9q7Zr8NN1s3NV xFFFZ+gctZCLblAHPaIu6iGKPtC3VbLK1peN7Iq9t7baVtFzijbKbvwAghO0PQ==</latexit>
;  
<latexit sha1_base64="xLKyV2BK9XGAX83n4q0Bxm7Gyn8=">AAA CXHicbVFNS8NAEN3Er1q/qoIXL4uloBdJRNCLIHjxqGBVaEqZbCbt4uaD3YlaQv6kNy/+Fd3UHmzrwLKP994ws2/DXElDnvfpuEvLK6trjfXm xubW9k5rd+/RZIUW2BWZyvRzCAaVTLFLkhQ+5xohCRU+hS83tf70itrILH2gcY79BIapjKUAstSgZYIwU5EZJ/biQYgEzc4fqoyP30+uIHiTEZ JUEZZBPpLVIFB2RARWrGb9w9ofzvjNnL85aLW9U29SfBH4U9Bm07obtD6CKBNFgikJBcb0fC+nfgmapFBYNYPCYA7iBYbYszCFBE2/nIRT8Y5 lIh5n2p6U+IT921FCYurlrTMBGpl5rSb/03oFxZf9UqZ5QZiK30FxoThlvE6aR1KjIDW2AISWdlcuRqBBkP2POgR//smL4PHs1Lf4/rx9fTaN o8EO2RE7Zj67YNfslt2xLhPsk307DWfd+XKX3Q1369fqOtOefTZT7sEPb/u2Gw==</latexit><latexit sha1_base64="xLKyV2BK9XGAX83n4q0Bxm7Gyn8=">AAA CXHicbVFNS8NAEN3Er1q/qoIXL4uloBdJRNCLIHjxqGBVaEqZbCbt4uaD3YlaQv6kNy/+Fd3UHmzrwLKP994ws2/DXElDnvfpuEvLK6trjfXm xubW9k5rd+/RZIUW2BWZyvRzCAaVTLFLkhQ+5xohCRU+hS83tf70itrILH2gcY79BIapjKUAstSgZYIwU5EZJ/biQYgEzc4fqoyP30+uIHiTEZ JUEZZBPpLVIFB2RARWrGb9w9ofzvjNnL85aLW9U29SfBH4U9Bm07obtD6CKBNFgikJBcb0fC+nfgmapFBYNYPCYA7iBYbYszCFBE2/nIRT8Y5 lIh5n2p6U+IT921FCYurlrTMBGpl5rSb/03oFxZf9UqZ5QZiK30FxoThlvE6aR1KjIDW2AISWdlcuRqBBkP2POgR//smL4PHs1Lf4/rx9fTaN o8EO2RE7Zj67YNfslt2xLhPsk307DWfd+XKX3Q1369fqOtOefTZT7sEPb/u2Gw==</latexit><latexit sha1_base64="xLKyV2BK9XGAX83n4q0Bxm7Gyn8=">AAA CXHicbVFNS8NAEN3Er1q/qoIXL4uloBdJRNCLIHjxqGBVaEqZbCbt4uaD3YlaQv6kNy/+Fd3UHmzrwLKP994ws2/DXElDnvfpuEvLK6trjfXm xubW9k5rd+/RZIUW2BWZyvRzCAaVTLFLkhQ+5xohCRU+hS83tf70itrILH2gcY79BIapjKUAstSgZYIwU5EZJ/biQYgEzc4fqoyP30+uIHiTEZ JUEZZBPpLVIFB2RARWrGb9w9ofzvjNnL85aLW9U29SfBH4U9Bm07obtD6CKBNFgikJBcb0fC+nfgmapFBYNYPCYA7iBYbYszCFBE2/nIRT8Y5 lIh5n2p6U+IT921FCYurlrTMBGpl5rSb/03oFxZf9UqZ5QZiK30FxoThlvE6aR1KjIDW2AISWdlcuRqBBkP2POgR//smL4PHs1Lf4/rx9fTaN o8EO2RE7Zj67YNfslt2xLhPsk307DWfd+XKX3Q1369fqOtOefTZT7sEPb/u2Gw==</latexit><latexit sha1_base64="xLKyV2BK9XGAX83n4q0Bxm7Gyn8=">AAA CXHicbVFNS8NAEN3Er1q/qoIXL4uloBdJRNCLIHjxqGBVaEqZbCbt4uaD3YlaQv6kNy/+Fd3UHmzrwLKP994ws2/DXElDnvfpuEvLK6trjfXm xubW9k5rd+/RZIUW2BWZyvRzCAaVTLFLkhQ+5xohCRU+hS83tf70itrILH2gcY79BIapjKUAstSgZYIwU5EZJ/biQYgEzc4fqoyP30+uIHiTEZ JUEZZBPpLVIFB2RARWrGb9w9ofzvjNnL85aLW9U29SfBH4U9Bm07obtD6CKBNFgikJBcb0fC+nfgmapFBYNYPCYA7iBYbYszCFBE2/nIRT8Y5 lIh5n2p6U+IT921FCYurlrTMBGpl5rSb/03oFxZf9UqZ5QZiK30FxoThlvE6aR1KjIDW2AISWdlcuRqBBkP2POgR//smL4PHs1Lf4/rx9fTaN o8EO2RE7Zj67YNfslt2xLhPsk307DWfd+XKX3Q1369fqOtOefTZT7sEPb/u2Gw==</latexit>
Trusty
compute: ;
Charlie
secret input:
compute: ;
c
<latexit sha1_base64="VBZ5iV5ruYBalluJEKeuwhQQ/+o=">AAACzXicjVJNb9QwEHXCR8vytdAjF4tVpSKkKqkq0UulQi+IC0Vi20rrVT RxJrtWnTiyJ8AS0iv/rzfu/BCcdA/dLUKMZPnNvDfj8dhppZWjKPoVhHfu3ru/sflg8PDR4ydPh8+enzpTW4ljabSx5yk41KrEMSnSeF5ZhCLVeJZeHHf82Re0TpnyMy0qnBYwK1WuJJAPJcPfIjU6c4vCb1wOtm+4Tb7z7dUhiK8qQ1I6w0ZUc9UmQvvyGXiyXdXPOn26onf/0r/lQmaGuABd zYG/5u96X6RIwA85pGv6/6/cNZo0fTXXtoNkOIp2o974bRAvwYgt7SQZXonMyLrAkqQG5yZxVNG0AUtKamwHonZYgbyAGU48LKFAN23612j5to9kPDfWr5J4H72Z0UDhuj69sgCau3WuC/6Nm9SUH0wbVVY1YSmvD8przcnw7ml5pixK0gsPQFrle+VyDhYk+Q/QDSFev/JtcLq3G3v8aX90tLc cxyZ7wV6yHRazN+yIvWcnbMxk8CGogkXwPfwY1uGP8PJaGgbLnC22YuHPPzca4fQ=</latexit><latexit sha1_base64="VBZ5iV5ruYBalluJEKeuwhQQ/+o=">AAACzXicjVJNb9QwEHXCR8vytdAjF4tVpSKkKqkq0UulQi+IC0Vi20rrVT RxJrtWnTiyJ8AS0iv/rzfu/BCcdA/dLUKMZPnNvDfj8dhppZWjKPoVhHfu3ru/sflg8PDR4ydPh8+enzpTW4ljabSx5yk41KrEMSnSeF5ZhCLVeJZeHHf82Re0TpnyMy0qnBYwK1WuJJAPJcPfIjU6c4vCb1wOtm+4Tb7z7dUhiK8qQ1I6w0ZUc9UmQvvyGXiyXdXPOn26onf/0r/lQmaGuABd zYG/5u96X6RIwA85pGv6/6/cNZo0fTXXtoNkOIp2o974bRAvwYgt7SQZXonMyLrAkqQG5yZxVNG0AUtKamwHonZYgbyAGU48LKFAN23612j5to9kPDfWr5J4H72Z0UDhuj69sgCau3WuC/6Nm9SUH0wbVVY1YSmvD8przcnw7ml5pixK0gsPQFrle+VyDhYk+Q/QDSFev/JtcLq3G3v8aX90tLc cxyZ7wV6yHRazN+yIvWcnbMxk8CGogkXwPfwY1uGP8PJaGgbLnC22YuHPPzca4fQ=</latexit><latexit sha1_base64="VBZ5iV5ruYBalluJEKeuwhQQ/+o=">AAACzXicjVJNb9QwEHXCR8vytdAjF4tVpSKkKqkq0UulQi+IC0Vi20rrVT RxJrtWnTiyJ8AS0iv/rzfu/BCcdA/dLUKMZPnNvDfj8dhppZWjKPoVhHfu3ru/sflg8PDR4ydPh8+enzpTW4ljabSx5yk41KrEMSnSeF5ZhCLVeJZeHHf82Re0TpnyMy0qnBYwK1WuJJAPJcPfIjU6c4vCb1wOtm+4Tb7z7dUhiK8qQ1I6w0ZUc9UmQvvyGXiyXdXPOn26onf/0r/lQmaGuABd zYG/5u96X6RIwA85pGv6/6/cNZo0fTXXtoNkOIp2o974bRAvwYgt7SQZXonMyLrAkqQG5yZxVNG0AUtKamwHonZYgbyAGU48LKFAN23612j5to9kPDfWr5J4H72Z0UDhuj69sgCau3WuC/6Nm9SUH0wbVVY1YSmvD8przcnw7ml5pixK0gsPQFrle+VyDhYk+Q/QDSFev/JtcLq3G3v8aX90tLc cxyZ7wV6yHRazN+yIvWcnbMxk8CGogkXwPfwY1uGP8PJaGgbLnC22YuHPPzca4fQ=</latexit><latexit sha1_base64="VBZ5iV5ruYBalluJEKeuwhQQ/+o=">AAACzXicjVJNb9QwEHXCR8vytdAjF4tVpSKkKqkq0UulQi+IC0Vi20rrVT RxJrtWnTiyJ8AS0iv/rzfu/BCcdA/dLUKMZPnNvDfj8dhppZWjKPoVhHfu3ru/sflg8PDR4ydPh8+enzpTW4ljabSx5yk41KrEMSnSeF5ZhCLVeJZeHHf82Re0TpnyMy0qnBYwK1WuJJAPJcPfIjU6c4vCb1wOtm+4Tb7z7dUhiK8qQ1I6w0ZUc9UmQvvyGXiyXdXPOn26onf/0r/lQmaGuABd zYG/5u96X6RIwA85pGv6/6/cNZo0fTXXtoNkOIp2o974bRAvwYgt7SQZXonMyLrAkqQG5yZxVNG0AUtKamwHonZYgbyAGU48LKFAN23612j5to9kPDfWr5J4H72Z0UDhuj69sgCau3WuC/6Nm9SUH0wbVVY1YSmvD8przcnw7ml5pixK0gsPQFrle+VyDhYk+Q/QDSFev/JtcLq3G3v8aX90tLc cxyZ7wV6yHRazN+yIvWcnbMxk8CGogkXwPfwY1uGP8PJaGgbLnC22YuHPPzca4fQ=</latexit>
 
<latexit sha1_base64="rf3OytWvTEpaNHzXDT1vI734RYo=">AAAC0nicjVJLb9QwEHZSHmV5LfTIxWJVqQipSqpKcKlU4NIbReq2ldaraO JMdq3acRRPgCVKEeLKr+PGT+Bf4KR76G4RYiTLn7/55uGx01IrR1H0Kwg3bt2+c3fz3uD+g4ePHg+fPD11tq4kjqXVtjpPwaFWBY5JkcbzskIwqcaz9OJd5z/7iJVTtjihRYlTA7NC5UoCeSoZ/hap1ZlbGL9xMQNjYLB9jWvync8vDkB8UhmS0hk2opyrNhHa18jAO9tV/azTpyt69y/9Gy5k ZokL0OUc+Ev+tj+LFAn4AYd0Tf//mbtGk6bP5tp2kAxH0W7UG78J4iUYsaUdJ8OfIrOyNliQ1ODcJI5KmjZQkZIa24GoHZYgL2CGEw8LMOimTf8kLd/2TMZzW/lVEO/Z6xENGNf16ZUGaO7WfR35N9+kpvz1tFFFWRMW8qpQXmtOlnfvyzNVoSS98ABkpXyvXM6hAkn+F3RDiNevfBOc7u3GHn/ YHx3uLcexyZ6x52yHxewVO2RH7JiNmQzeB3VwGXwNT8Iv4bfw+5U0DJYxW2zFwh9/AMNL5CI=</latexit><latexit sha1_base64="rf3OytWvTEpaNHzXDT1vI734RYo=">AAAC0nicjVJLb9QwEHZSHmV5LfTIxWJVqQipSqpKcKlU4NIbReq2ldaraO JMdq3acRRPgCVKEeLKr+PGT+Bf4KR76G4RYiTLn7/55uGx01IrR1H0Kwg3bt2+c3fz3uD+g4ePHg+fPD11tq4kjqXVtjpPwaFWBY5JkcbzskIwqcaz9OJd5z/7iJVTtjihRYlTA7NC5UoCeSoZ/hap1ZlbGL9xMQNjYLB9jWvync8vDkB8UhmS0hk2opyrNhHa18jAO9tV/azTpyt69y/9Gy5k ZokL0OUc+Ev+tj+LFAn4AYd0Tf//mbtGk6bP5tp2kAxH0W7UG78J4iUYsaUdJ8OfIrOyNliQ1ODcJI5KmjZQkZIa24GoHZYgL2CGEw8LMOimTf8kLd/2TMZzW/lVEO/Z6xENGNf16ZUGaO7WfR35N9+kpvz1tFFFWRMW8qpQXmtOlnfvyzNVoSS98ABkpXyvXM6hAkn+F3RDiNevfBOc7u3GHn/ YHx3uLcexyZ6x52yHxewVO2RH7JiNmQzeB3VwGXwNT8Iv4bfw+5U0DJYxW2zFwh9/AMNL5CI=</latexit><latexit sha1_base64="rf3OytWvTEpaNHzXDT1vI734RYo=">AAAC0nicjVJLb9QwEHZSHmV5LfTIxWJVqQipSqpKcKlU4NIbReq2ldaraO JMdq3acRRPgCVKEeLKr+PGT+Bf4KR76G4RYiTLn7/55uGx01IrR1H0Kwg3bt2+c3fz3uD+g4ePHg+fPD11tq4kjqXVtjpPwaFWBY5JkcbzskIwqcaz9OJd5z/7iJVTtjihRYlTA7NC5UoCeSoZ/hap1ZlbGL9xMQNjYLB9jWvync8vDkB8UhmS0hk2opyrNhHa18jAO9tV/azTpyt69y/9Gy5k ZokL0OUc+Ev+tj+LFAn4AYd0Tf//mbtGk6bP5tp2kAxH0W7UG78J4iUYsaUdJ8OfIrOyNliQ1ODcJI5KmjZQkZIa24GoHZYgL2CGEw8LMOimTf8kLd/2TMZzW/lVEO/Z6xENGNf16ZUGaO7WfR35N9+kpvz1tFFFWRMW8qpQXmtOlnfvyzNVoSS98ABkpXyvXM6hAkn+F3RDiNevfBOc7u3GHn/ YHx3uLcexyZ6x52yHxewVO2RH7JiNmQzeB3VwGXwNT8Iv4bfw+5U0DJYxW2zFwh9/AMNL5CI=</latexit><latexit sha1_base64="rf3OytWvTEpaNHzXDT1vI734RYo=">AAAC0nicjVJLb9QwEHZSHmV5LfTIxWJVqQipSqpKcKlU4NIbReq2ldaraO JMdq3acRRPgCVKEeLKr+PGT+Bf4KR76G4RYiTLn7/55uGx01IrR1H0Kwg3bt2+c3fz3uD+g4ePHg+fPD11tq4kjqXVtjpPwaFWBY5JkcbzskIwqcaz9OJd5z/7iJVTtjihRYlTA7NC5UoCeSoZ/hap1ZlbGL9xMQNjYLB9jWvync8vDkB8UhmS0hk2opyrNhHa18jAO9tV/azTpyt69y/9Gy5k ZokL0OUc+Ev+tj+LFAn4AYd0Tf//mbtGk6bP5tp2kAxH0W7UG78J4iUYsaUdJ8OfIrOyNliQ1ODcJI5KmjZQkZIa24GoHZYgL2CGEw8LMOimTf8kLd/2TMZzW/lVEO/Z6xENGNf16ZUGaO7WfR35N9+kpvz1tFFFWRMW8qpQXmtOlnfvyzNVoSS98ABkpXyvXM6hAkn+F3RDiNevfBOc7u3GHn/ YHx3uLcexyZ6x52yHxewVO2RH7JiNmQzeB3VwGXwNT8Iv4bfw+5U0DJYxW2zFwh9/AMNL5CI=</latexit>
e 1(x)
<latexit sha1_base64="jnDjwonNnIYnG4kZo3nTYC6PyY8=">AAA CWHicbVFLS+RAEO5kfY6v0T16aRwERZBkEPQi+LjsUWFHhckQKp0ap7GTDt0VdQj5k4KH9a/sZTtxDj62oOmvv6+quvrrpFDSUhD88fwfc/ML i0vLnZXVtfWN7ubWjdWlETgQWmlzl4BFJXMckCSFd4VByBKFt8nDZaPfPqKxUue/aVrgKIP7XI6lAHJU3NW7UaJVaqeZ26pzHolUE49AFRPgB/ yiPUcJEvBTDknd+ZgePckUSaoUq6iYyDoO9573686nlo0QV20bW9eduNsLDoM2+HcQzkCPzeIq7r5EqRZlhjkJBdYOw6CgUQWGpFDo5iktFiA e4B6HDuaQoR1VrTE133VMysfauJUTb9mPFRVktpnTZWZAE/tVa8j/acOSxiejSuZFSZiL94vGpeKkeeMyT6VBQWrqAAgj3axcTMCAIPcXjQnh 1yd/Bzf9w9Dh66PeWX9mxxLbZjtsj4XsmJ2xX+yKDZhgr+yvN+fNe28+8xf95fdU35vV/GSfwt/6B0wCtEY=</latexit><latexit sha1_base64="jnDjwonNnIYnG4kZo3nTYC6PyY8=">AAA CWHicbVFLS+RAEO5kfY6v0T16aRwERZBkEPQi+LjsUWFHhckQKp0ap7GTDt0VdQj5k4KH9a/sZTtxDj62oOmvv6+quvrrpFDSUhD88fwfc/ML i0vLnZXVtfWN7ubWjdWlETgQWmlzl4BFJXMckCSFd4VByBKFt8nDZaPfPqKxUue/aVrgKIP7XI6lAHJU3NW7UaJVaqeZ26pzHolUE49AFRPgB/ yiPUcJEvBTDknd+ZgePckUSaoUq6iYyDoO9573686nlo0QV20bW9eduNsLDoM2+HcQzkCPzeIq7r5EqRZlhjkJBdYOw6CgUQWGpFDo5iktFiA e4B6HDuaQoR1VrTE133VMysfauJUTb9mPFRVktpnTZWZAE/tVa8j/acOSxiejSuZFSZiL94vGpeKkeeMyT6VBQWrqAAgj3axcTMCAIPcXjQnh 1yd/Bzf9w9Dh66PeWX9mxxLbZjtsj4XsmJ2xX+yKDZhgr+yvN+fNe28+8xf95fdU35vV/GSfwt/6B0wCtEY=</latexit><latexit sha1_base64="jnDjwonNnIYnG4kZo3nTYC6PyY8=">AAA CWHicbVFLS+RAEO5kfY6v0T16aRwERZBkEPQi+LjsUWFHhckQKp0ap7GTDt0VdQj5k4KH9a/sZTtxDj62oOmvv6+quvrrpFDSUhD88fwfc/ML i0vLnZXVtfWN7ubWjdWlETgQWmlzl4BFJXMckCSFd4VByBKFt8nDZaPfPqKxUue/aVrgKIP7XI6lAHJU3NW7UaJVaqeZ26pzHolUE49AFRPgB/ yiPUcJEvBTDknd+ZgePckUSaoUq6iYyDoO9573686nlo0QV20bW9eduNsLDoM2+HcQzkCPzeIq7r5EqRZlhjkJBdYOw6CgUQWGpFDo5iktFiA e4B6HDuaQoR1VrTE133VMysfauJUTb9mPFRVktpnTZWZAE/tVa8j/acOSxiejSuZFSZiL94vGpeKkeeMyT6VBQWrqAAgj3axcTMCAIPcXjQnh 1yd/Bzf9w9Dh66PeWX9mxxLbZjtsj4XsmJ2xX+yKDZhgr+yvN+fNe28+8xf95fdU35vV/GSfwt/6B0wCtEY=</latexit><latexit sha1_base64="jnDjwonNnIYnG4kZo3nTYC6PyY8=">AAA CWHicbVFLS+RAEO5kfY6v0T16aRwERZBkEPQi+LjsUWFHhckQKp0ap7GTDt0VdQj5k4KH9a/sZTtxDj62oOmvv6+quvrrpFDSUhD88fwfc/ML i0vLnZXVtfWN7ubWjdWlETgQWmlzl4BFJXMckCSFd4VByBKFt8nDZaPfPqKxUue/aVrgKIP7XI6lAHJU3NW7UaJVaqeZ26pzHolUE49AFRPgB/ yiPUcJEvBTDknd+ZgePckUSaoUq6iYyDoO9573686nlo0QV20bW9eduNsLDoM2+HcQzkCPzeIq7r5EqRZlhjkJBdYOw6CgUQWGpFDo5iktFiA e4B6HDuaQoR1VrTE133VMysfauJUTb9mPFRVktpnTZWZAE/tVa8j/acOSxiejSuZFSZiL94vGpeKkeeMyT6VBQWrqAAgj3axcTMCAIPcXjQnh 1yd/Bzf9w9Dh66PeWX9mxxLbZjtsj4XsmJ2xX+yKDZhgr+yvN+fNe28+8xf95fdU35vV/GSfwt/6B0wCtEY=</latexit>
e 2(x)
<latexit sha1_base64="d5/hzgjJ+sRBblbZWQqorQdxMLU=">AAA CWHicbVFBT9swFHYCHdCNUdiRi7WqUicklFRI7DIJ2GVHkFZAaqroxXmlFk4c2S8bVZQ/icSB/RUuOKEHoHuS5c/f997z8+ekUNJSEDx6/tp6 58PG5lb346ftzzu93b1Lq0sjcCy00uY6AYtK5jgmSQqvC4OQJQqvktufjX71B42VOv9NiwKnGdzkciYFkKPinh5EiVapXWRuq055JFJNPAJVzI Ef8LP2HCVIwH9wSOru6/Tor0yRpEqxioq5rOPR8O5b3X3TshHiqm1j67ob9/rBYdAGXwXhEvTZMs7j3n2UalFmmJNQYO0kDAqaVmBICoVuntJ iAeIWbnDiYA4Z2mnVGlPzgWNSPtPGrZx4y76uqCCzzZwuMwOa2/daQ/5Pm5Q0+z6tZF6UhLl4uWhWKk6aNy7zVBoUpBYOgDDSzcrFHAwIcn/R mBC+f/IquBwdhg5fHPVPRks7Ntk++8qGLGTH7IT9YudszAR7YE/eutfx/vnM3/C3XlJ9b1nzhb0Jf+8ZTae0Rw==</latexit><latexit sha1_base64="d5/hzgjJ+sRBblbZWQqorQdxMLU=">AAA CWHicbVFBT9swFHYCHdCNUdiRi7WqUicklFRI7DIJ2GVHkFZAaqroxXmlFk4c2S8bVZQ/icSB/RUuOKEHoHuS5c/f997z8+ekUNJSEDx6/tp6 58PG5lb346ftzzu93b1Lq0sjcCy00uY6AYtK5jgmSQqvC4OQJQqvktufjX71B42VOv9NiwKnGdzkciYFkKPinh5EiVapXWRuq055JFJNPAJVzI Ef8LP2HCVIwH9wSOru6/Tor0yRpEqxioq5rOPR8O5b3X3TshHiqm1j67ob9/rBYdAGXwXhEvTZMs7j3n2UalFmmJNQYO0kDAqaVmBICoVuntJ iAeIWbnDiYA4Z2mnVGlPzgWNSPtPGrZx4y76uqCCzzZwuMwOa2/daQ/5Pm5Q0+z6tZF6UhLl4uWhWKk6aNy7zVBoUpBYOgDDSzcrFHAwIcn/R mBC+f/IquBwdhg5fHPVPRks7Ntk++8qGLGTH7IT9YudszAR7YE/eutfx/vnM3/C3XlJ9b1nzhb0Jf+8ZTae0Rw==</latexit><latexit sha1_base64="d5/hzgjJ+sRBblbZWQqorQdxMLU=">AAA CWHicbVFBT9swFHYCHdCNUdiRi7WqUicklFRI7DIJ2GVHkFZAaqroxXmlFk4c2S8bVZQ/icSB/RUuOKEHoHuS5c/f997z8+ekUNJSEDx6/tp6 58PG5lb346ftzzu93b1Lq0sjcCy00uY6AYtK5jgmSQqvC4OQJQqvktufjX71B42VOv9NiwKnGdzkciYFkKPinh5EiVapXWRuq055JFJNPAJVzI Ef8LP2HCVIwH9wSOru6/Tor0yRpEqxioq5rOPR8O5b3X3TshHiqm1j67ob9/rBYdAGXwXhEvTZMs7j3n2UalFmmJNQYO0kDAqaVmBICoVuntJ iAeIWbnDiYA4Z2mnVGlPzgWNSPtPGrZx4y76uqCCzzZwuMwOa2/daQ/5Pm5Q0+z6tZF6UhLl4uWhWKk6aNy7zVBoUpBYOgDDSzcrFHAwIcn/R mBC+f/IquBwdhg5fHPVPRks7Ntk++8qGLGTH7IT9YudszAR7YE/eutfx/vnM3/C3XlJ9b1nzhb0Jf+8ZTae0Rw==</latexit><latexit sha1_base64="d5/hzgjJ+sRBblbZWQqorQdxMLU=">AAA CWHicbVFBT9swFHYCHdCNUdiRi7WqUicklFRI7DIJ2GVHkFZAaqroxXmlFk4c2S8bVZQ/icSB/RUuOKEHoHuS5c/f997z8+ekUNJSEDx6/tp6 58PG5lb346ftzzu93b1Lq0sjcCy00uY6AYtK5jgmSQqvC4OQJQqvktufjX71B42VOv9NiwKnGdzkciYFkKPinh5EiVapXWRuq055JFJNPAJVzI Ef8LP2HCVIwH9wSOru6/Tor0yRpEqxioq5rOPR8O5b3X3TshHiqm1j67ob9/rBYdAGXwXhEvTZMs7j3n2UalFmmJNQYO0kDAqaVmBICoVuntJ iAeIWbnDiYA4Z2mnVGlPzgWNSPtPGrZx4y76uqCCzzZwuMwOa2/daQ/5Pm5Q0+z6tZF6UhLl4uWhWKk6aNy7zVBoUpBYOgDDSzcrFHAwIcn/R mBC+f/IquBwdhg5fHPVPRks7Ntk++8qGLGTH7IT9YudszAR7YE/eutfx/vnM3/C3XlJ9b1nzhb0Jf+8ZTae0Rw==</latexit>
e 3(x)
<latexit sha1_base64="Dfyb0xdm3ElFzntWl6PYMqxNz5E=">AAA CWHicbVFNS+RAEO3E71nXHfXopdlBUBYkcQW9CH5cPCrsqDAZQqVT4zR20qG7og4hf1LwoH/Fi504Bz+2oOnX71VVV79OCiUtBcGz58/Mzs0v LC51fiz/XPnVXV27tLo0AvtCK22uE7CoZI59kqTwujAIWaLwKrk9bfSrOzRW6vwfTQocZnCTy5EUQI6Ku3ozSrRK7SRzW3XMI5Fq4hGoYgz8Dz 9pz1GCBPyQQ1J3PqZH9zJFkirFKirGso7/bj1s151PLRshrto2tq47cbcX7ARt8O8gnIIem8Z53H2MUi3KDHMSCqwdhEFBwwoMSaHQzVNaLED cwg0OHMwhQzusWmNqvumYlI+0cSsn3rIfKyrIbDOny8yAxvar1pD/0wYljQ6GlcyLkjAX7xeNSsVJ88ZlnkqDgtTEARBGulm5GIMBQe4vGhPC r0/+Di53d0KHL/Z6R7tTOxbZBvvNtljI9tkRO2PnrM8Ee2Kv3qw35734zF/wl95TfW9as84+hb/2Bk9MtEg=</latexit><latexit sha1_base64="Dfyb0xdm3ElFzntWl6PYMqxNz5E=">AAA CWHicbVFNS+RAEO3E71nXHfXopdlBUBYkcQW9CH5cPCrsqDAZQqVT4zR20qG7og4hf1LwoH/Fi504Bz+2oOnX71VVV79OCiUtBcGz58/Mzs0v LC51fiz/XPnVXV27tLo0AvtCK22uE7CoZI59kqTwujAIWaLwKrk9bfSrOzRW6vwfTQocZnCTy5EUQI6Ku3ozSrRK7SRzW3XMI5Fq4hGoYgz8Dz 9pz1GCBPyQQ1J3PqZH9zJFkirFKirGso7/bj1s151PLRshrto2tq47cbcX7ARt8O8gnIIem8Z53H2MUi3KDHMSCqwdhEFBwwoMSaHQzVNaLED cwg0OHMwhQzusWmNqvumYlI+0cSsn3rIfKyrIbDOny8yAxvar1pD/0wYljQ6GlcyLkjAX7xeNSsVJ88ZlnkqDgtTEARBGulm5GIMBQe4vGhPC r0/+Di53d0KHL/Z6R7tTOxbZBvvNtljI9tkRO2PnrM8Ee2Kv3qw35734zF/wl95TfW9as84+hb/2Bk9MtEg=</latexit><latexit sha1_base64="Dfyb0xdm3ElFzntWl6PYMqxNz5E=">AAA CWHicbVFNS+RAEO3E71nXHfXopdlBUBYkcQW9CH5cPCrsqDAZQqVT4zR20qG7og4hf1LwoH/Fi504Bz+2oOnX71VVV79OCiUtBcGz58/Mzs0v LC51fiz/XPnVXV27tLo0AvtCK22uE7CoZI59kqTwujAIWaLwKrk9bfSrOzRW6vwfTQocZnCTy5EUQI6Ku3ozSrRK7SRzW3XMI5Fq4hGoYgz8Dz 9pz1GCBPyQQ1J3PqZH9zJFkirFKirGso7/bj1s151PLRshrto2tq47cbcX7ARt8O8gnIIem8Z53H2MUi3KDHMSCqwdhEFBwwoMSaHQzVNaLED cwg0OHMwhQzusWmNqvumYlI+0cSsn3rIfKyrIbDOny8yAxvar1pD/0wYljQ6GlcyLkjAX7xeNSsVJ88ZlnkqDgtTEARBGulm5GIMBQe4vGhPC r0/+Di53d0KHL/Z6R7tTOxbZBvvNtljI9tkRO2PnrM8Ee2Kv3qw35734zF/wl95TfW9as84+hb/2Bk9MtEg=</latexit><latexit sha1_base64="Dfyb0xdm3ElFzntWl6PYMqxNz5E=">AAA CWHicbVFNS+RAEO3E71nXHfXopdlBUBYkcQW9CH5cPCrsqDAZQqVT4zR20qG7og4hf1LwoH/Fi504Bz+2oOnX71VVV79OCiUtBcGz58/Mzs0v LC51fiz/XPnVXV27tLo0AvtCK22uE7CoZI59kqTwujAIWaLwKrk9bfSrOzRW6vwfTQocZnCTy5EUQI6Ku3ozSrRK7SRzW3XMI5Fq4hGoYgz8Dz 9pz1GCBPyQQ1J3PqZH9zJFkirFKirGso7/bj1s151PLRshrto2tq47cbcX7ARt8O8gnIIem8Z53H2MUi3KDHMSCqwdhEFBwwoMSaHQzVNaLED cwg0OHMwhQzusWmNqvumYlI+0cSsn3rIfKyrIbDOny8yAxvar1pD/0wYljQ6GlcyLkjAX7xeNSsVJ88ZlnkqDgtTEARBGulm5GIMBQe4vGhPC r0/+Di53d0KHL/Z6R7tTOxbZBvvNtljI9tkRO2PnrM8Ee2Kv3qw35734zF/wl95TfW9as84+hb/2Bk9MtEg=</latexit>
;e 1(x)
<latexit sha1_base64="jnDjwonNnIYnG4kZo3nTYC6PyY8=">AAA CWHicbVFLS+RAEO5kfY6v0T16aRwERZBkEPQi+LjsUWFHhckQKp0ap7GTDt0VdQj5k4KH9a/sZTtxDj62oOmvv6+quvrrpFDSUhD88fwfc/ML i0vLnZXVtfWN7ubWjdWlETgQWmlzl4BFJXMckCSFd4VByBKFt8nDZaPfPqKxUue/aVrgKIP7XI6lAHJU3NW7UaJVaqeZ26pzHolUE49AFRPgB/ yiPUcJEvBTDknd+ZgePckUSaoUq6iYyDoO9573686nlo0QV20bW9eduNsLDoM2+HcQzkCPzeIq7r5EqRZlhjkJBdYOw6CgUQWGpFDo5iktFiA e4B6HDuaQoR1VrTE133VMysfauJUTb9mPFRVktpnTZWZAE/tVa8j/acOSxiejSuZFSZiL94vGpeKkeeMyT6VBQWrqAAgj3axcTMCAIPcXjQnh 1yd/Bzf9w9Dh66PeWX9mxxLbZjtsj4XsmJ2xX+yKDZhgr+yvN+fNe28+8xf95fdU35vV/GSfwt/6B0wCtEY=</latexit><latexit sha1_base64="jnDjwonNnIYnG4kZo3nTYC6PyY8=">AAA CWHicbVFLS+RAEO5kfY6v0T16aRwERZBkEPQi+LjsUWFHhckQKp0ap7GTDt0VdQj5k4KH9a/sZTtxDj62oOmvv6+quvrrpFDSUhD88fwfc/ML i0vLnZXVtfWN7ubWjdWlETgQWmlzl4BFJXMckCSFd4VByBKFt8nDZaPfPqKxUue/aVrgKIP7XI6lAHJU3NW7UaJVaqeZ26pzHolUE49AFRPgB/ yiPUcJEvBTDknd+ZgePckUSaoUq6iYyDoO9573686nlo0QV20bW9eduNsLDoM2+HcQzkCPzeIq7r5EqRZlhjkJBdYOw6CgUQWGpFDo5iktFiA e4B6HDuaQoR1VrTE133VMysfauJUTb9mPFRVktpnTZWZAE/tVa8j/acOSxiejSuZFSZiL94vGpeKkeeMyT6VBQWrqAAgj3axcTMCAIPcXjQnh 1yd/Bzf9w9Dh66PeWX9mxxLbZjtsj4XsmJ2xX+yKDZhgr+yvN+fNe28+8xf95fdU35vV/GSfwt/6B0wCtEY=</latexit><latexit sha1_base64="jnDjwonNnIYnG4kZo3nTYC6PyY8=">AAA CWHicbVFLS+RAEO5kfY6v0T16aRwERZBkEPQi+LjsUWFHhckQKp0ap7GTDt0VdQj5k4KH9a/sZTtxDj62oOmvv6+quvrrpFDSUhD88fwfc/ML i0vLnZXVtfWN7ubWjdWlETgQWmlzl4BFJXMckCSFd4VByBKFt8nDZaPfPqKxUue/aVrgKIP7XI6lAHJU3NW7UaJVaqeZ26pzHolUE49AFRPgB/ yiPUcJEvBTDknd+ZgePckUSaoUq6iYyDoO9573686nlo0QV20bW9eduNsLDoM2+HcQzkCPzeIq7r5EqRZlhjkJBdYOw6CgUQWGpFDo5iktFiA e4B6HDuaQoR1VrTE133VMysfauJUTb9mPFRVktpnTZWZAE/tVa8j/acOSxiejSuZFSZiL94vGpeKkeeMyT6VBQWrqAAgj3axcTMCAIPcXjQnh 1yd/Bzf9w9Dh66PeWX9mxxLbZjtsj4XsmJ2xX+yKDZhgr+yvN+fNe28+8xf95fdU35vV/GSfwt/6B0wCtEY=</latexit><latexit sha1_base64="jnDjwonNnIYnG4kZo3nTYC6PyY8=">AAA CWHicbVFLS+RAEO5kfY6v0T16aRwERZBkEPQi+LjsUWFHhckQKp0ap7GTDt0VdQj5k4KH9a/sZTtxDj62oOmvv6+quvrrpFDSUhD88fwfc/ML i0vLnZXVtfWN7ubWjdWlETgQWmlzl4BFJXMckCSFd4VByBKFt8nDZaPfPqKxUue/aVrgKIP7XI6lAHJU3NW7UaJVaqeZ26pzHolUE49AFRPgB/ yiPUcJEvBTDknd+ZgePckUSaoUq6iYyDoO9573686nlo0QV20bW9eduNsLDoM2+HcQzkCPzeIq7r5EqRZlhjkJBdYOw6CgUQWGpFDo5iktFiA e4B6HDuaQoR1VrTE133VMysfauJUTb9mPFRVktpnTZWZAE/tVa8j/acOSxiejSuZFSZiL94vGpeKkeeMyT6VBQWrqAAgj3axcTMCAIPcXjQnh 1yd/Bzf9w9Dh66PeWX9mxxLbZjtsj4XsmJ2xX+yKDZhgr+yvN+fNe28+8xf95fdU35vV/GSfwt/6B0wCtEY=</latexit>
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{a0, (A+B)}
<latexit sha1_base64="HpLZuvazR/I6Teho3GLhSApP+4A=">AAA CBHicbVDLSsNAFJ3UV62vqMtuBotQUUpSBF1W3bisYB/QhDCZTNqhk0yYmQgldOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HuPnzAqlWV9G6WV 1bX1jfJmZWt7Z3fP3D/oSp4KTDqYMy76PpKE0Zh0FFWM9BNBUOQz0vPHN7nfeyBCUh7fq0lC3AgNYxpSjJSWPLPq+JwFchLpL3My5FlnsH51en 3iTKeeWbMa1gxwmdgFqYECbc/8cgKO04jECjMk5cC2EuVmSCiKGZlWnFSSBOExGpKBpjGKiHSz2RFTeKyVAIZc6BcrOFN/d2QokvmeujJCaiQ XvVz8zxukKrx0MxonqSIxng8KUwYVh3kiMKCCYMUmmiAsqN4V4hESCCudW0WHYC+evEy6zYat+d15rdUs4iiDKjgCdWCDC9ACt6ANOgCDR/AM XsGb8WS8GO/Gx7y0ZBQ9h+APjM8fQ6yXHw==</latexit><latexit sha1_base64="HpLZuvazR/I6Teho3GLhSApP+4A=">AAA CBHicbVDLSsNAFJ3UV62vqMtuBotQUUpSBF1W3bisYB/QhDCZTNqhk0yYmQgldOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HuPnzAqlWV9G6WV 1bX1jfJmZWt7Z3fP3D/oSp4KTDqYMy76PpKE0Zh0FFWM9BNBUOQz0vPHN7nfeyBCUh7fq0lC3AgNYxpSjJSWPLPq+JwFchLpL3My5FlnsH51en 3iTKeeWbMa1gxwmdgFqYECbc/8cgKO04jECjMk5cC2EuVmSCiKGZlWnFSSBOExGpKBpjGKiHSz2RFTeKyVAIZc6BcrOFN/d2QokvmeujJCaiQ XvVz8zxukKrx0MxonqSIxng8KUwYVh3kiMKCCYMUmmiAsqN4V4hESCCudW0WHYC+evEy6zYat+d15rdUs4iiDKjgCdWCDC9ACt6ANOgCDR/AM XsGb8WS8GO/Gx7y0ZBQ9h+APjM8fQ6yXHw==</latexit><latexit sha1_base64="HpLZuvazR/I6Teho3GLhSApP+4A=">AAA CBHicbVDLSsNAFJ3UV62vqMtuBotQUUpSBF1W3bisYB/QhDCZTNqhk0yYmQgldOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HuPnzAqlWV9G6WV 1bX1jfJmZWt7Z3fP3D/oSp4KTDqYMy76PpKE0Zh0FFWM9BNBUOQz0vPHN7nfeyBCUh7fq0lC3AgNYxpSjJSWPLPq+JwFchLpL3My5FlnsH51en 3iTKeeWbMa1gxwmdgFqYECbc/8cgKO04jECjMk5cC2EuVmSCiKGZlWnFSSBOExGpKBpjGKiHSz2RFTeKyVAIZc6BcrOFN/d2QokvmeujJCaiQ XvVz8zxukKrx0MxonqSIxng8KUwYVh3kiMKCCYMUmmiAsqN4V4hESCCudW0WHYC+evEy6zYat+d15rdUs4iiDKjgCdWCDC9ACt6ANOgCDR/AM XsGb8WS8GO/Gx7y0ZBQ9h+APjM8fQ6yXHw==</latexit><latexit sha1_base64="HpLZuvazR/I6Teho3GLhSApP+4A=">AAA CBHicbVDLSsNAFJ3UV62vqMtuBotQUUpSBF1W3bisYB/QhDCZTNqhk0yYmQgldOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HuPnzAqlWV9G6WV 1bX1jfJmZWt7Z3fP3D/oSp4KTDqYMy76PpKE0Zh0FFWM9BNBUOQz0vPHN7nfeyBCUh7fq0lC3AgNYxpSjJSWPLPq+JwFchLpL3My5FlnsH51en 3iTKeeWbMa1gxwmdgFqYECbc/8cgKO04jECjMk5cC2EuVmSCiKGZlWnFSSBOExGpKBpjGKiHSz2RFTeKyVAIZc6BcrOFN/d2QokvmeujJCaiQ XvVz8zxukKrx0MxonqSIxng8KUwYVh3kiMKCCYMUmmiAsqN4V4hESCCudW0WHYC+evEy6zYat+d15rdUs4iiDKjgCdWCDC9ACt6ANOgCDR/AM XsGb8WS8GO/Gx7y0ZBQ9h+APjM8fQ6yXHw==</latexit>
(A B)
<latexit sha1_base64="/w+1kZzpI6BdZaHhIBrV1W9Win8=">AAA B+3icbVDNS8MwHE3n15xfdR69BIcwD452CHqcevE4wX3AVkaapltYmpQkFUfpv+LFgyJe/Ue8+d+Ybj3o5oOQx3u/H3l5fsyo0o7zbZXW1jc2 t8rblZ3dvf0D+7DaVSKRmHSwYEL2faQIo5x0NNWM9GNJUOQz0vOnt7nfeyRSUcEf9CwmXoTGnIYUI22kkV0d+oIFahaZK61fn9+cZSO75jScOe AqcQtSAwXaI/trGAicRIRrzJBSA9eJtZciqSlmJKsME0VihKdoTAaGchQR5aXz7Bk8NUoAQyHN4RrO1d8bKYpUHs9MRkhP1LKXi/95g0SHV15 KeZxowvHioTBhUAuYFwEDKgnWbGYIwpKarBBPkERYm7oqpgR3+curpNtsuIbfX9RazaKOMjgGJ6AOXHAJWuAOtEEHYPAEnsEreLMy68V6tz4W oyWr2DkCf2B9/gBBFpPb</latexit><latexit sha1_base64="/w+1kZzpI6BdZaHhIBrV1W9Win8=">AAA B+3icbVDNS8MwHE3n15xfdR69BIcwD452CHqcevE4wX3AVkaapltYmpQkFUfpv+LFgyJe/Ue8+d+Ybj3o5oOQx3u/H3l5fsyo0o7zbZXW1jc2 t8rblZ3dvf0D+7DaVSKRmHSwYEL2faQIo5x0NNWM9GNJUOQz0vOnt7nfeyRSUcEf9CwmXoTGnIYUI22kkV0d+oIFahaZK61fn9+cZSO75jScOe AqcQtSAwXaI/trGAicRIRrzJBSA9eJtZciqSlmJKsME0VihKdoTAaGchQR5aXz7Bk8NUoAQyHN4RrO1d8bKYpUHs9MRkhP1LKXi/95g0SHV15 KeZxowvHioTBhUAuYFwEDKgnWbGYIwpKarBBPkERYm7oqpgR3+curpNtsuIbfX9RazaKOMjgGJ6AOXHAJWuAOtEEHYPAEnsEreLMy68V6tz4W oyWr2DkCf2B9/gBBFpPb</latexit><latexit sha1_base64="/w+1kZzpI6BdZaHhIBrV1W9Win8=">AAA B+3icbVDNS8MwHE3n15xfdR69BIcwD452CHqcevE4wX3AVkaapltYmpQkFUfpv+LFgyJe/Ue8+d+Ybj3o5oOQx3u/H3l5fsyo0o7zbZXW1jc2 t8rblZ3dvf0D+7DaVSKRmHSwYEL2faQIo5x0NNWM9GNJUOQz0vOnt7nfeyRSUcEf9CwmXoTGnIYUI22kkV0d+oIFahaZK61fn9+cZSO75jScOe AqcQtSAwXaI/trGAicRIRrzJBSA9eJtZciqSlmJKsME0VihKdoTAaGchQR5aXz7Bk8NUoAQyHN4RrO1d8bKYpUHs9MRkhP1LKXi/95g0SHV15 KeZxowvHioTBhUAuYFwEDKgnWbGYIwpKarBBPkERYm7oqpgR3+curpNtsuIbfX9RazaKOMjgGJ6AOXHAJWuAOtEEHYPAEnsEreLMy68V6tz4W oyWr2DkCf2B9/gBBFpPb</latexit><latexit sha1_base64="/w+1kZzpI6BdZaHhIBrV1W9Win8=">AAA B+3icbVDNS8MwHE3n15xfdR69BIcwD452CHqcevE4wX3AVkaapltYmpQkFUfpv+LFgyJe/Ue8+d+Ybj3o5oOQx3u/H3l5fsyo0o7zbZXW1jc2 t8rblZ3dvf0D+7DaVSKRmHSwYEL2faQIo5x0NNWM9GNJUOQz0vOnt7nfeyRSUcEf9CwmXoTGnIYUI22kkV0d+oIFahaZK61fn9+cZSO75jScOe AqcQtSAwXaI/trGAicRIRrzJBSA9eJtZciqSlmJKsME0VihKdoTAaGchQR5aXz7Bk8NUoAQyHN4RrO1d8bKYpUHs9MRkhP1LKXi/95g0SHV15 KeZxowvHioTBhUAuYFwEDKgnWbGYIwpKarBBPkERYm7oqpgR3+curpNtsuIbfX9RazaKOMjgGJ6AOXHAJWuAOtEEHYPAEnsEreLMy68V6tz4W oyWr2DkCf2B9/gBBFpPb</latexit>
a0
<latexit sha1_base64="UFCqkF74TGpXNxIJxg0Ez8x0hdk=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTj05qFb9xreEmiT+C WpQ4l26H4NY0nylApDONZ64HuZCQqsDCOczmvDXNMMkwke0YGlAqdUB8Uy+RxdWSVGiVT2CIOW6u+NAqd6Ec5OptiM9bq3EP/zBrlJ7oKCiSw 3VJDVQ0nOkZFoUQOKmaLE8JklmChmsyIyxgoTY8uq2RL89S9vkm6z4Vv+eFNvNcs6qnABl3ANPtxCCx6gDR0gMIVneIU3p3BenHfnYzVaccqd c/gD5/MH0fSTtg==</latexit><latexit sha1_base64="UFCqkF74TGpXNxIJxg0Ez8x0hdk=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTj05qFb9xreEmiT+C WpQ4l26H4NY0nylApDONZ64HuZCQqsDCOczmvDXNMMkwke0YGlAqdUB8Uy+RxdWSVGiVT2CIOW6u+NAqd6Ec5OptiM9bq3EP/zBrlJ7oKCiSw 3VJDVQ0nOkZFoUQOKmaLE8JklmChmsyIyxgoTY8uq2RL89S9vkm6z4Vv+eFNvNcs6qnABl3ANPtxCCx6gDR0gMIVneIU3p3BenHfnYzVaccqd c/gD5/MH0fSTtg==</latexit><latexit sha1_base64="UFCqkF74TGpXNxIJxg0Ez8x0hdk=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTj05qFb9xreEmiT+C WpQ4l26H4NY0nylApDONZ64HuZCQqsDCOczmvDXNMMkwke0YGlAqdUB8Uy+RxdWSVGiVT2CIOW6u+NAqd6Ec5OptiM9bq3EP/zBrlJ7oKCiSw 3VJDVQ0nOkZFoUQOKmaLE8JklmChmsyIyxgoTY8uq2RL89S9vkm6z4Vv+eFNvNcs6qnABl3ANPtxCCx6gDR0gMIVneIU3p3BenHfnYzVaccqd c/gD5/MH0fSTtg==</latexit><latexit sha1_base64="UFCqkF74TGpXNxIJxg0Ez8x0hdk=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTj05qFb9xreEmiT+C WpQ4l26H4NY0nylApDONZ64HuZCQqsDCOczmvDXNMMkwke0YGlAqdUB8Uy+RxdWSVGiVT2CIOW6u+NAqd6Ec5OptiM9bq3EP/zBrlJ7oKCiSw 3VJDVQ0nOkZFoUQOKmaLE8JklmChmsyIyxgoTY8uq2RL89S9vkm6z4Vv+eFNvNcs6qnABl3ANPtxCCx6gDR0gMIVneIU3p3BenHfnYzVaccqd c/gD5/MH0fSTtg==</latexit>
; {↵0, (↵+  )}
<latexit sha1_base64="fcetoTbjNVHAblZ1uslDmnVWIcg=">AAA CEXicbZBLS8NAEMc3Pmt9RT16WSxCRSlJEfRY8OKxgn1AE8Jks2mXbh7sboQS+hW8+FW8eFDEqzdvfhs3bQ7aOrDsj//MMDN/P+VMKsv6NlZW 19Y3Nitb1e2d3b198+CwK5NMENohCU9E3wdJOYtpRzHFaT8VFCKf054/vinyvQcqJEviezVJqRvBMGYhI6C05Jl1x094ICeR/nInd4CnI/Csi/ qczh2fKjhzplPPrFkNaxZ4GewSaqiMtmd+OUFCsojGinCQcmBbqXJzEIoRTqdVJ5M0BTKGIR1ojCGi0s1nF03xqVYCHCZCv1jhmfq7I4dIFkv rygjUSC7mCvG/3CBT4bWbszjNFI3JfFCYcawSXNiDAyYoUXyiAYhgeldMRiCAKG1iVZtgL568DN1mw9Z8d1lrNUs7KugYnaA6stEVaqFb1EYd RNAjekav6M14Ml6Md+NjXrpilD1H6E8Ynz9+851Z</latexit><latexit sha1_base64="fcetoTbjNVHAblZ1uslDmnVWIcg=">AAA CEXicbZBLS8NAEMc3Pmt9RT16WSxCRSlJEfRY8OKxgn1AE8Jks2mXbh7sboQS+hW8+FW8eFDEqzdvfhs3bQ7aOrDsj//MMDN/P+VMKsv6NlZW 19Y3Nitb1e2d3b198+CwK5NMENohCU9E3wdJOYtpRzHFaT8VFCKf054/vinyvQcqJEviezVJqRvBMGYhI6C05Jl1x094ICeR/nInd4CnI/Csi/ qczh2fKjhzplPPrFkNaxZ4GewSaqiMtmd+OUFCsojGinCQcmBbqXJzEIoRTqdVJ5M0BTKGIR1ojCGi0s1nF03xqVYCHCZCv1jhmfq7I4dIFkv rygjUSC7mCvG/3CBT4bWbszjNFI3JfFCYcawSXNiDAyYoUXyiAYhgeldMRiCAKG1iVZtgL568DN1mw9Z8d1lrNUs7KugYnaA6stEVaqFb1EYd RNAjekav6M14Ml6Md+NjXrpilD1H6E8Ynz9+851Z</latexit><latexit sha1_base64="fcetoTbjNVHAblZ1uslDmnVWIcg=">AAA CEXicbZBLS8NAEMc3Pmt9RT16WSxCRSlJEfRY8OKxgn1AE8Jks2mXbh7sboQS+hW8+FW8eFDEqzdvfhs3bQ7aOrDsj//MMDN/P+VMKsv6NlZW 19Y3Nitb1e2d3b198+CwK5NMENohCU9E3wdJOYtpRzHFaT8VFCKf054/vinyvQcqJEviezVJqRvBMGYhI6C05Jl1x094ICeR/nInd4CnI/Csi/ qczh2fKjhzplPPrFkNaxZ4GewSaqiMtmd+OUFCsojGinCQcmBbqXJzEIoRTqdVJ5M0BTKGIR1ojCGi0s1nF03xqVYCHCZCv1jhmfq7I4dIFkv rygjUSC7mCvG/3CBT4bWbszjNFI3JfFCYcawSXNiDAyYoUXyiAYhgeldMRiCAKG1iVZtgL568DN1mw9Z8d1lrNUs7KugYnaA6stEVaqFb1EYd RNAjekav6M14Ml6Md+NjXrpilD1H6E8Ynz9+851Z</latexit><latexit sha1_base64="fcetoTbjNVHAblZ1uslDmnVWIcg=">AAA CEXicbZBLS8NAEMc3Pmt9RT16WSxCRSlJEfRY8OKxgn1AE8Jks2mXbh7sboQS+hW8+FW8eFDEqzdvfhs3bQ7aOrDsj//MMDN/P+VMKsv6NlZW 19Y3Nitb1e2d3b198+CwK5NMENohCU9E3wdJOYtpRzHFaT8VFCKf054/vinyvQcqJEviezVJqRvBMGYhI6C05Jl1x094ICeR/nInd4CnI/Csi/ qczh2fKjhzplPPrFkNaxZ4GewSaqiMtmd+OUFCsojGinCQcmBbqXJzEIoRTqdVJ5M0BTKGIR1ojCGi0s1nF03xqVYCHCZCv1jhmfq7I4dIFkv rygjUSC7mCvG/3CBT4bWbszjNFI3JfFCYcawSXNiDAyYoUXyiAYhgeldMRiCAKG1iVZtgL568DN1mw9Z8d1lrNUs7KugYnaA6stEVaqFb1EYd RNAjekav6M14Ml6Md+NjXrpilD1H6E8Ynz9+851Z</latexit>
(↵   )
<latexit sha1_base64="AHk9Fh8qFY/ur/VmPskutJgSNSM=">AAA CWXicbVFNTxsxEPUuHw2hLQGOXCwipFRV0S6tVC5IUC4cqdQAUjaKZr0TYuFdW/ZsS7TKn+SAhPpXOODd5MDXSJaf33szY49To6SjKHoIwqXl ldUPrbX2+sdPnzc6m1sXTpdWYF9ope1VCg6VLLBPkhReGYuQpwov05vTWr/8i9ZJXfyhqcFhDteFHEsB5KlRx+wlqVaZm+Z+q054IjJNPAFlJs C/8l/NOUmRgB9xSGftF/7kn8yQpMqwSsxEzkbfe7dfZu3nlt681remhtdGnW60HzXB34J4AbpsEeejzl2SaVHmWJBQ4NwgjgwNK7AkhULfrHR oQNzANQ48LCBHN6yaycz4nmcyPtbWr4J4wz7PqCB39UW9MweauNdaTb6nDUoaHw4rWZiSsBDzRuNScdK8HjPPpEVBauoBCCv9XbmYgAVB/jPq IcSvn/wWXBzsxx7//tE9PliMo8V22C7rsZj9ZMfsjJ2zPhPsnj0GK8Fq8D8MwlbYnlvDYJGzzV5EuP0ErNWzvQ==</latexit><latexit sha1_base64="AHk9Fh8qFY/ur/VmPskutJgSNSM=">AAA CWXicbVFNTxsxEPUuHw2hLQGOXCwipFRV0S6tVC5IUC4cqdQAUjaKZr0TYuFdW/ZsS7TKn+SAhPpXOODd5MDXSJaf33szY49To6SjKHoIwqXl ldUPrbX2+sdPnzc6m1sXTpdWYF9ope1VCg6VLLBPkhReGYuQpwov05vTWr/8i9ZJXfyhqcFhDteFHEsB5KlRx+wlqVaZm+Z+q054IjJNPAFlJs C/8l/NOUmRgB9xSGftF/7kn8yQpMqwSsxEzkbfe7dfZu3nlt681remhtdGnW60HzXB34J4AbpsEeejzl2SaVHmWJBQ4NwgjgwNK7AkhULfrHR oQNzANQ48LCBHN6yaycz4nmcyPtbWr4J4wz7PqCB39UW9MweauNdaTb6nDUoaHw4rWZiSsBDzRuNScdK8HjPPpEVBauoBCCv9XbmYgAVB/jPq IcSvn/wWXBzsxx7//tE9PliMo8V22C7rsZj9ZMfsjJ2zPhPsnj0GK8Fq8D8MwlbYnlvDYJGzzV5EuP0ErNWzvQ==</latexit><latexit sha1_base64="AHk9Fh8qFY/ur/VmPskutJgSNSM=">AAA CWXicbVFNTxsxEPUuHw2hLQGOXCwipFRV0S6tVC5IUC4cqdQAUjaKZr0TYuFdW/ZsS7TKn+SAhPpXOODd5MDXSJaf33szY49To6SjKHoIwqXl ldUPrbX2+sdPnzc6m1sXTpdWYF9ope1VCg6VLLBPkhReGYuQpwov05vTWr/8i9ZJXfyhqcFhDteFHEsB5KlRx+wlqVaZm+Z+q054IjJNPAFlJs C/8l/NOUmRgB9xSGftF/7kn8yQpMqwSsxEzkbfe7dfZu3nlt681remhtdGnW60HzXB34J4AbpsEeejzl2SaVHmWJBQ4NwgjgwNK7AkhULfrHR oQNzANQ48LCBHN6yaycz4nmcyPtbWr4J4wz7PqCB39UW9MweauNdaTb6nDUoaHw4rWZiSsBDzRuNScdK8HjPPpEVBauoBCCv9XbmYgAVB/jPq IcSvn/wWXBzsxx7//tE9PliMo8V22C7rsZj9ZMfsjJ2zPhPsnj0GK8Fq8D8MwlbYnlvDYJGzzV5EuP0ErNWzvQ==</latexit><latexit sha1_base64="AHk9Fh8qFY/ur/VmPskutJgSNSM=">AAA CWXicbVFNTxsxEPUuHw2hLQGOXCwipFRV0S6tVC5IUC4cqdQAUjaKZr0TYuFdW/ZsS7TKn+SAhPpXOODd5MDXSJaf33szY49To6SjKHoIwqXl ldUPrbX2+sdPnzc6m1sXTpdWYF9ope1VCg6VLLBPkhReGYuQpwov05vTWr/8i9ZJXfyhqcFhDteFHEsB5KlRx+wlqVaZm+Z+q054IjJNPAFlJs C/8l/NOUmRgB9xSGftF/7kn8yQpMqwSsxEzkbfe7dfZu3nlt681remhtdGnW60HzXB34J4AbpsEeejzl2SaVHmWJBQ4NwgjgwNK7AkhULfrHR oQNzANQ48LCBHN6yaycz4nmcyPtbWr4J4wz7PqCB39UW9MweauNdaTb6nDUoaHw4rWZiSsBDzRuNScdK8HjPPpEVBauoBCCv9XbmYgAVB/jPq IcSvn/wWXBzsxx7//tE9PliMo8V22C7rsZj9ZMfsjJ2zPhPsnj0GK8Fq8D8MwlbYnlvDYJGzzV5EuP0ErNWzvQ==</latexit>
{ 0, (  + %)}
<latexit sha1_base64="CHVw+zRC6ASXQtVOxGOinB230qY=">AAA CE3icbZBLS8NAEMc39VXrK+rRS7AI9YEkRdBjwYvHCvYBTQiT7bZdupsNu5tCCf0OXvwqXjwo4tWLN7+Nm7YHbR1Y9sd/ZpiZf5QwqrTrfluF ldW19Y3iZmlre2d3z94/aCqRSkwaWDAh2xEowmhMGppqRtqJJMAjRlrR8DbPt0ZEKiriBz1OSMChH9MexaCNFNpnfiRYV425+TI/8/vAOYTuRW VG5/4IpByIU38yCe2ye+lOw1kGbw5lNI96aH/5XYFTTmKNGSjV8dxEBxlITTEjk5KfKpIAHkKfdAzGwIkKsulNE+fEKF2nJ6R5sXam6u+ODLj K1zaVHPRALeZy8b9cJ9W9myCjcZJqEuPZoF7KHC2c3CCnSyXBmo0NAJbU7OrgAUjA2thYMiZ4iycvQ7N66Rm+vyrXqnM7iugIHaMK8tA1qqE7 VEcNhNEjekav6M16sl6sd+tjVlqw5j2H6E9Ynz9VCZ5d</latexit><latexit sha1_base64="CHVw+zRC6ASXQtVOxGOinB230qY=">AAA CE3icbZBLS8NAEMc39VXrK+rRS7AI9YEkRdBjwYvHCvYBTQiT7bZdupsNu5tCCf0OXvwqXjwo4tWLN7+Nm7YHbR1Y9sd/ZpiZf5QwqrTrfluF ldW19Y3iZmlre2d3z94/aCqRSkwaWDAh2xEowmhMGppqRtqJJMAjRlrR8DbPt0ZEKiriBz1OSMChH9MexaCNFNpnfiRYV425+TI/8/vAOYTuRW VG5/4IpByIU38yCe2ye+lOw1kGbw5lNI96aH/5XYFTTmKNGSjV8dxEBxlITTEjk5KfKpIAHkKfdAzGwIkKsulNE+fEKF2nJ6R5sXam6u+ODLj K1zaVHPRALeZy8b9cJ9W9myCjcZJqEuPZoF7KHC2c3CCnSyXBmo0NAJbU7OrgAUjA2thYMiZ4iycvQ7N66Rm+vyrXqnM7iugIHaMK8tA1qqE7 VEcNhNEjekav6M16sl6sd+tjVlqw5j2H6E9Ynz9VCZ5d</latexit><latexit sha1_base64="CHVw+zRC6ASXQtVOxGOinB230qY=">AAA CE3icbZBLS8NAEMc39VXrK+rRS7AI9YEkRdBjwYvHCvYBTQiT7bZdupsNu5tCCf0OXvwqXjwo4tWLN7+Nm7YHbR1Y9sd/ZpiZf5QwqrTrfluF ldW19Y3iZmlre2d3z94/aCqRSkwaWDAh2xEowmhMGppqRtqJJMAjRlrR8DbPt0ZEKiriBz1OSMChH9MexaCNFNpnfiRYV425+TI/8/vAOYTuRW VG5/4IpByIU38yCe2ye+lOw1kGbw5lNI96aH/5XYFTTmKNGSjV8dxEBxlITTEjk5KfKpIAHkKfdAzGwIkKsulNE+fEKF2nJ6R5sXam6u+ODLj K1zaVHPRALeZy8b9cJ9W9myCjcZJqEuPZoF7KHC2c3CCnSyXBmo0NAJbU7OrgAUjA2thYMiZ4iycvQ7N66Rm+vyrXqnM7iugIHaMK8tA1qqE7 VEcNhNEjekav6M16sl6sd+tjVlqw5j2H6E9Ynz9VCZ5d</latexit><latexit sha1_base64="CHVw+zRC6ASXQtVOxGOinB230qY=">AAA CE3icbZBLS8NAEMc39VXrK+rRS7AI9YEkRdBjwYvHCvYBTQiT7bZdupsNu5tCCf0OXvwqXjwo4tWLN7+Nm7YHbR1Y9sd/ZpiZf5QwqrTrfluF ldW19Y3iZmlre2d3z94/aCqRSkwaWDAh2xEowmhMGppqRtqJJMAjRlrR8DbPt0ZEKiriBz1OSMChH9MexaCNFNpnfiRYV425+TI/8/vAOYTuRW VG5/4IpByIU38yCe2ye+lOw1kGbw5lNI96aH/5XYFTTmKNGSjV8dxEBxlITTEjk5KfKpIAHkKfdAzGwIkKsulNE+fEKF2nJ6R5sXam6u+ODLj K1zaVHPRALeZy8b9cJ9W9myCjcZJqEuPZoF7KHC2c3CCnSyXBmo0NAJbU7OrgAUjA2thYMiZ4iycvQ7N66Rm+vyrXqnM7iugIHaMK8tA1qqE7 VEcNhNEjekav6M16sl6sd+tjVlqw5j2H6E9Ynz9VCZ5d</latexit>
(    %)
<latexit sha1_base64="LVaAg1rKyjersDV4aC68VyWle4Y=">AAACMnicbVDLSgMxFM3UV62vUZduBkuh4oOZIuiy4EZ3FewDOqXcSdM2NJ kMSaZQhn6TG79EcKELRdz6EabtCLX1QsjhnHO5954gYlRp1321Miura+sb2c3c1vbO7p69f1BTIpaYVLFgQjYCUITRkFQ11Yw0IkmAB4zUg8HNRK8PiVRUhA96FJEWh15IuxSDNlTbviv4gWAdNeLmS/zE7wHn0HbPijN06g9Byr448cfj3Lw11c9/9XHbzrsX7rScZeClII/SqrTtZ78jcMxJ qDEDpZqeG+lWAlJTzIiZFisSAR5AjzQNDIET1UqmJ4+dgmE6TldI80LtTNn5jgS4mmxqnBx0Xy1qE/I/rRnr7nUroWEUaxLi2aBuzBwtnEl+TodKgjUbGQBYUrOrg/sgAWuTcs6E4C2evAxqpQvP4PvLfLmUxpFFR+gYFZGHrlAZ3aIKqiKMHtELekcf1pP1Zn1aXzNrxkp7DtGfsr5/AOUqqxg =</latexit><latexit sha1_base64="LVaAg1rKyjersDV4aC68VyWle4Y=">AAACMnicbVDLSgMxFM3UV62vUZduBkuh4oOZIuiy4EZ3FewDOqXcSdM2NJ kMSaZQhn6TG79EcKELRdz6EabtCLX1QsjhnHO5954gYlRp1321Miura+sb2c3c1vbO7p69f1BTIpaYVLFgQjYCUITRkFQ11Yw0IkmAB4zUg8HNRK8PiVRUhA96FJEWh15IuxSDNlTbviv4gWAdNeLmS/zE7wHn0HbPijN06g9Byr448cfj3Lw11c9/9XHbzrsX7rScZeClII/SqrTtZ78jcMxJ qDEDpZqeG+lWAlJTzIiZFisSAR5AjzQNDIET1UqmJ4+dgmE6TldI80LtTNn5jgS4mmxqnBx0Xy1qE/I/rRnr7nUroWEUaxLi2aBuzBwtnEl+TodKgjUbGQBYUrOrg/sgAWuTcs6E4C2evAxqpQvP4PvLfLmUxpFFR+gYFZGHrlAZ3aIKqiKMHtELekcf1pP1Zn1aXzNrxkp7DtGfsr5/AOUqqxg =</latexit><latexit sha1_base64="LVaAg1rKyjersDV4aC68VyWle4Y=">AAACMnicbVDLSgMxFM3UV62vUZduBkuh4oOZIuiy4EZ3FewDOqXcSdM2NJ kMSaZQhn6TG79EcKELRdz6EabtCLX1QsjhnHO5954gYlRp1321Miura+sb2c3c1vbO7p69f1BTIpaYVLFgQjYCUITRkFQ11Yw0IkmAB4zUg8HNRK8PiVRUhA96FJEWh15IuxSDNlTbviv4gWAdNeLmS/zE7wHn0HbPijN06g9Byr448cfj3Lw11c9/9XHbzrsX7rScZeClII/SqrTtZ78jcMxJ qDEDpZqeG+lWAlJTzIiZFisSAR5AjzQNDIET1UqmJ4+dgmE6TldI80LtTNn5jgS4mmxqnBx0Xy1qE/I/rRnr7nUroWEUaxLi2aBuzBwtnEl+TodKgjUbGQBYUrOrg/sgAWuTcs6E4C2evAxqpQvP4PvLfLmUxpFFR+gYFZGHrlAZ3aIKqiKMHtELekcf1pP1Zn1aXzNrxkp7DtGfsr5/AOUqqxg =</latexit><latexit sha1_base64="LVaAg1rKyjersDV4aC68VyWle4Y=">AAACMnicbVDLSgMxFM3UV62vUZduBkuh4oOZIuiy4EZ3FewDOqXcSdM2NJ kMSaZQhn6TG79EcKELRdz6EabtCLX1QsjhnHO5954gYlRp1321Miura+sb2c3c1vbO7p69f1BTIpaYVLFgQjYCUITRkFQ11Yw0IkmAB4zUg8HNRK8PiVRUhA96FJEWh15IuxSDNlTbviv4gWAdNeLmS/zE7wHn0HbPijN06g9Byr448cfj3Lw11c9/9XHbzrsX7rScZeClII/SqrTtZ78jcMxJ qDEDpZqeG+lWAlJTzIiZFisSAR5AjzQNDIET1UqmJ4+dgmE6TldI80LtTNn5jgS4mmxqnBx0Xy1qE/I/rRnr7nUroWEUaxLi2aBuzBwtnEl+TodKgjUbGQBYUrOrg/sgAWuTcs6E4C2evAxqpQvP4PvLfLmUxpFFR+gYFZGHrlAZ3aIKqiKMHtELekcf1pP1Zn1aXzNrxkp7DtGfsr5/AOUqqxg =</latexit>
s1
<latexit sha1_base64="VoJ/qDwFOB5wAOcB3rg0iXf6Nec=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTr056Fb9xreEmiT+C WpQ4l26H4NY0nylApDONZ64HuZCQqsDCOczmvDXNMMkwke0YGlAqdUB8Uy+RxdWSVGiVT2CIOW6u+NAqd6Ec5OptiM9bq3EP/zBrlJ7oKCiSw 3VJDVQ0nOkZFoUQOKmaLE8JklmChmsyIyxgoTY8uq2RL89S9vkm6z4Vv+eFNvNcs6qnABl3ANPtxCCx6gDR0gMIVneIU3p3BenHfnYzVaccqd c/gD5/MH7veTyQ==</latexit><latexit sha1_base64="VoJ/qDwFOB5wAOcB3rg0iXf6Nec=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTr056Fb9xreEmiT+C WpQ4l26H4NY0nylApDONZ64HuZCQqsDCOczmvDXNMMkwke0YGlAqdUB8Uy+RxdWSVGiVT2CIOW6u+NAqd6Ec5OptiM9bq3EP/zBrlJ7oKCiSw 3VJDVQ0nOkZFoUQOKmaLE8JklmChmsyIyxgoTY8uq2RL89S9vkm6z4Vv+eFNvNcs6qnABl3ANPtxCCx6gDR0gMIVneIU3p3BenHfnYzVaccqd c/gD5/MH7veTyQ==</latexit><latexit sha1_base64="VoJ/qDwFOB5wAOcB3rg0iXf6Nec=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTr056Fb9xreEmiT+C WpQ4l26H4NY0nylApDONZ64HuZCQqsDCOczmvDXNMMkwke0YGlAqdUB8Uy+RxdWSVGiVT2CIOW6u+NAqd6Ec5OptiM9bq3EP/zBrlJ7oKCiSw 3VJDVQ0nOkZFoUQOKmaLE8JklmChmsyIyxgoTY8uq2RL89S9vkm6z4Vv+eFNvNcs6qnABl3ANPtxCCx6gDR0gMIVneIU3p3BenHfnYzVaccqd c/gD5/MH7veTyQ==</latexit><latexit sha1_base64="VoJ/qDwFOB5wAOcB3rg0iXf6Nec=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTr056Fb9xreEmiT+C WpQ4l26H4NY0nylApDONZ64HuZCQqsDCOczmvDXNMMkwke0YGlAqdUB8Uy+RxdWSVGiVT2CIOW6u+NAqd6Ec5OptiM9bq3EP/zBrlJ7oKCiSw 3VJDVQ0nOkZFoUQOKmaLE8JklmChmsyIyxgoTY8uq2RL89S9vkm6z4Vv+eFNvNcs6qnABl3ANPtxCCx6gDR0gMIVneIU3p3BenHfnYzVaccqd c/gD5/MH7veTyQ==</latexit>
s2
<latexit sha1_base64="u+zs9GT0YVGz1b+iyNPU3mrX0bU=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTpszkO37jW8JdAm8U tShxLt0P0axpLkKRWGcKz1wPcyExRYGUY4ndeGuaYZJhM8ogNLBU6pDopl8jm6skqMEqnsEQYt1d8bBU71IpydTLEZ63VvIf7nDXKT3AUFE1l uqCCrh5KcIyPRogYUM0WJ4TNLMFHMZkVkjBUmxpZVsyX461/eJN1mw7f88abeapZ1VOECLuEafLiFFjxAGzpAYArP8ApvTuG8OO/Ox2q04pQ7 5/AHzucP8HyTyg==</latexit><latexit sha1_base64="u+zs9GT0YVGz1b+iyNPU3mrX0bU=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTpszkO37jW8JdAm8U tShxLt0P0axpLkKRWGcKz1wPcyExRYGUY4ndeGuaYZJhM8ogNLBU6pDopl8jm6skqMEqnsEQYt1d8bBU71IpydTLEZ63VvIf7nDXKT3AUFE1l uqCCrh5KcIyPRogYUM0WJ4TNLMFHMZkVkjBUmxpZVsyX461/eJN1mw7f88abeapZ1VOECLuEafLiFFjxAGzpAYArP8ApvTuG8OO/Ox2q04pQ7 5/AHzucP8HyTyg==</latexit><latexit sha1_base64="u+zs9GT0YVGz1b+iyNPU3mrX0bU=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTpszkO37jW8JdAm8U tShxLt0P0axpLkKRWGcKz1wPcyExRYGUY4ndeGuaYZJhM8ogNLBU6pDopl8jm6skqMEqnsEQYt1d8bBU71IpydTLEZ63VvIf7nDXKT3AUFE1l uqCCrh5KcIyPRogYUM0WJ4TNLMFHMZkVkjBUmxpZVsyX461/eJN1mw7f88abeapZ1VOECLuEafLiFFjxAGzpAYArP8ApvTuG8OO/Ox2q04pQ7 5/AHzucP8HyTyg==</latexit><latexit sha1_base64="u+zs9GT0YVGz1b+iyNPU3mrX0bU=">AAA B+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkpgi4LblxWsA9ohyGTybShmWRIMoUy9E/cuFDErX/izr8xbWehrQdCDufcS05OlHGmjed9O5Wt7Z3d vep+7eDw6PjEPT3rapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT+4Xfm1KlmRRPZpbRIMUjwRJGsLFS6LrDSPJYz1J7FTpszkO37jW8JdAm8U tShxLt0P0axpLkKRWGcKz1wPcyExRYGUY4ndeGuaYZJhM8ogNLBU6pDopl8jm6skqMEqnsEQYt1d8bBU71IpydTLEZ63VvIf7nDXKT3AUFE1l uqCCrh5KcIyPRogYUM0WJ4TNLMFHMZkVkjBUmxpZVsyX461/eJN1mw7f88abeapZ1VOECLuEafLiFFjxAGzpAYArP8ApvTuG8OO/Ox2q04pQ7 5/AHzucP8HyTyg==</latexit>
s1 + s2 = abc
<latexit sha1_base64="S3R/3mYYIOUoKuj2hqvGRbqIRyo=">AAA CAXicbVDLSsNAFL2pr1pfUTeCm2ARBKEkRdCNUHDjsoJ9QBvCZDJth05mwsxEKKFu/BU3LhRx61+482+ctFlo64FhDufcy733hAmjSrvut1Va WV1b3yhvVra2d3b37P2DthKpxKSFBROyGyJFGOWkpalmpJtIguKQkU44vsn9zgORigp+rycJ8WM05HRAMdJGCuyjfihYpCax+TIVeOcqqF+jEE 8Du+rW3BmcZeIVpAoFmoH91Y8ETmPCNWZIqZ7nJtrPkNQUMzKt9FNFEoTHaEh6hnIUE+VnswumzqlRImcgpHlcOzP1d0eGYpUvaSpjpEdq0cv F/7xeqgdXfkZ5kmrC8XzQIGWOFk4ehxNRSbBmE0MQltTs6uARkghrE1rFhOAtnrxM2vWaZ/jdRbVRL+IowzGcwBl4cAkNuIUmtADDIzzDK7xZ T9aL9W59zEtLVtFzCH9gff4AOVCWqw==</latexit><latexit sha1_base64="S3R/3mYYIOUoKuj2hqvGRbqIRyo=">AAA CAXicbVDLSsNAFL2pr1pfUTeCm2ARBKEkRdCNUHDjsoJ9QBvCZDJth05mwsxEKKFu/BU3LhRx61+482+ctFlo64FhDufcy733hAmjSrvut1Va WV1b3yhvVra2d3b37P2DthKpxKSFBROyGyJFGOWkpalmpJtIguKQkU44vsn9zgORigp+rycJ8WM05HRAMdJGCuyjfihYpCax+TIVeOcqqF+jEE 8Du+rW3BmcZeIVpAoFmoH91Y8ETmPCNWZIqZ7nJtrPkNQUMzKt9FNFEoTHaEh6hnIUE+VnswumzqlRImcgpHlcOzP1d0eGYpUvaSpjpEdq0cv F/7xeqgdXfkZ5kmrC8XzQIGWOFk4ehxNRSbBmE0MQltTs6uARkghrE1rFhOAtnrxM2vWaZ/jdRbVRL+IowzGcwBl4cAkNuIUmtADDIzzDK7xZ T9aL9W59zEtLVtFzCH9gff4AOVCWqw==</latexit><latexit sha1_base64="S3R/3mYYIOUoKuj2hqvGRbqIRyo=">AAA CAXicbVDLSsNAFL2pr1pfUTeCm2ARBKEkRdCNUHDjsoJ9QBvCZDJth05mwsxEKKFu/BU3LhRx61+482+ctFlo64FhDufcy733hAmjSrvut1Va WV1b3yhvVra2d3b37P2DthKpxKSFBROyGyJFGOWkpalmpJtIguKQkU44vsn9zgORigp+rycJ8WM05HRAMdJGCuyjfihYpCax+TIVeOcqqF+jEE 8Du+rW3BmcZeIVpAoFmoH91Y8ETmPCNWZIqZ7nJtrPkNQUMzKt9FNFEoTHaEh6hnIUE+VnswumzqlRImcgpHlcOzP1d0eGYpUvaSpjpEdq0cv F/7xeqgdXfkZ5kmrC8XzQIGWOFk4ehxNRSbBmE0MQltTs6uARkghrE1rFhOAtnrxM2vWaZ/jdRbVRL+IowzGcwBl4cAkNuIUmtADDIzzDK7xZ T9aL9W59zEtLVtFzCH9gff4AOVCWqw==</latexit><latexit sha1_base64="S3R/3mYYIOUoKuj2hqvGRbqIRyo=">AAA CAXicbVDLSsNAFL2pr1pfUTeCm2ARBKEkRdCNUHDjsoJ9QBvCZDJth05mwsxEKKFu/BU3LhRx61+482+ctFlo64FhDufcy733hAmjSrvut1Va WV1b3yhvVra2d3b37P2DthKpxKSFBROyGyJFGOWkpalmpJtIguKQkU44vsn9zgORigp+rycJ8WM05HRAMdJGCuyjfihYpCax+TIVeOcqqF+jEE 8Du+rW3BmcZeIVpAoFmoH91Y8ETmPCNWZIqZ7nJtrPkNQUMzKt9FNFEoTHaEh6hnIUE+VnswumzqlRImcgpHlcOzP1d0eGYpUvaSpjpEdq0cv F/7xeqgdXfkZ5kmrC8XzQIGWOFk4ehxNRSbBmE0MQltTs6uARkghrE1rFhOAtnrxM2vWaZ/jdRbVRL+IowzGcwBl4cAkNuIUmtADDIzzDK7xZ T9aL9W59zEtLVtFzCH9gff4AOVCWqw==</latexit>
↵0
<latexit sha1_base64="6zDfqazF/RhdiCZzYb9BEfS8jVw=">AAA B/nicbVDLSsNAFL3xWesrKq7cDBbBVUmKoMuCG5cV7AOaECaTSTt0kgkzE6GEgr/ixoUibv0Od/6NkzYLbT0wzOGce5kzJ8w4U9pxvq219Y3N re3aTn13b//g0D467imRS0K7RHAhByFWlLOUdjXTnA4ySXESctoPJ7el33+kUjGRPuhpRv0Ej1IWM4K1kQL71AsFj9Q0MVfhYZ6NceDMArvhNJ 050CpxK9KACp3A/vIiQfKEpppwrNTQdTLtF1hqRjid1b1c0QyTCR7RoaEpTqjyi3n8GbowSoRiIc1JNZqrvzcKnKgyoZlMsB6rZa8U//OGuY5 v/IKlWa5pShYPxTlHWqCyCxQxSYnmU0MwkcxkRWSMJSbaNFY3JbjLX14lvVbTNfz+qtFuVXXU4AzO4RJcuIY23EEHukCggGd4hTfryXqx3q2P xeiaVe2cwB9Ynz+6kpXp</latexit><latexit sha1_base64="6zDfqazF/RhdiCZzYb9BEfS8jVw=">AAA B/nicbVDLSsNAFL3xWesrKq7cDBbBVUmKoMuCG5cV7AOaECaTSTt0kgkzE6GEgr/ixoUibv0Od/6NkzYLbT0wzOGce5kzJ8w4U9pxvq219Y3N re3aTn13b//g0D467imRS0K7RHAhByFWlLOUdjXTnA4ySXESctoPJ7el33+kUjGRPuhpRv0Ej1IWM4K1kQL71AsFj9Q0MVfhYZ6NceDMArvhNJ 050CpxK9KACp3A/vIiQfKEpppwrNTQdTLtF1hqRjid1b1c0QyTCR7RoaEpTqjyi3n8GbowSoRiIc1JNZqrvzcKnKgyoZlMsB6rZa8U//OGuY5 v/IKlWa5pShYPxTlHWqCyCxQxSYnmU0MwkcxkRWSMJSbaNFY3JbjLX14lvVbTNfz+qtFuVXXU4AzO4RJcuIY23EEHukCggGd4hTfryXqx3q2P xeiaVe2cwB9Ynz+6kpXp</latexit><latexit sha1_base64="6zDfqazF/RhdiCZzYb9BEfS8jVw=">AAA B/nicbVDLSsNAFL3xWesrKq7cDBbBVUmKoMuCG5cV7AOaECaTSTt0kgkzE6GEgr/ixoUibv0Od/6NkzYLbT0wzOGce5kzJ8w4U9pxvq219Y3N re3aTn13b//g0D467imRS0K7RHAhByFWlLOUdjXTnA4ySXESctoPJ7el33+kUjGRPuhpRv0Ej1IWM4K1kQL71AsFj9Q0MVfhYZ6NceDMArvhNJ 050CpxK9KACp3A/vIiQfKEpppwrNTQdTLtF1hqRjid1b1c0QyTCR7RoaEpTqjyi3n8GbowSoRiIc1JNZqrvzcKnKgyoZlMsB6rZa8U//OGuY5 v/IKlWa5pShYPxTlHWqCyCxQxSYnmU0MwkcxkRWSMJSbaNFY3JbjLX14lvVbTNfz+qtFuVXXU4AzO4RJcuIY23EEHukCggGd4hTfryXqx3q2P xeiaVe2cwB9Ynz+6kpXp</latexit><latexit sha1_base64="6zDfqazF/RhdiCZzYb9BEfS8jVw=">AAA B/nicbVDLSsNAFL3xWesrKq7cDBbBVUmKoMuCG5cV7AOaECaTSTt0kgkzE6GEgr/ixoUibv0Od/6NkzYLbT0wzOGce5kzJ8w4U9pxvq219Y3N re3aTn13b//g0D467imRS0K7RHAhByFWlLOUdjXTnA4ySXESctoPJ7el33+kUjGRPuhpRv0Ej1IWM4K1kQL71AsFj9Q0MVfhYZ6NceDMArvhNJ 050CpxK9KACp3A/vIiQfKEpppwrNTQdTLtF1hqRjid1b1c0QyTCR7RoaEpTqjyi3n8GbowSoRiIc1JNZqrvzcKnKgyoZlMsB6rZa8U//OGuY5 v/IKlWa5pShYPxTlHWqCyCxQxSYnmU0MwkcxkRWSMJSbaNFY3JbjLX14lvVbTNfz+qtFuVXXU4AzO4RJcuIY23EEHukCggGd4hTfryXqx3q2P xeiaVe2cwB9Ynz+6kpXp</latexit>
 0
<latexit sha1_base64="XbRzb+Aln2GSim8/ZZTtu82riXU=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIvgqewWQY8FLx4r2Ad0lyWbzbaheS xJVihLwb/ixYMiXv0d3vw3Zts9aOtAyDDzfWQyccaoNp737aytb2xubdd26rt7+weH7tFxT8tcYdLFkkk1iJEmjArSNdQwMsgUQTxmpB9Pbku//0iUplI8mGlGQo5GgqYUI2OlyD0NYskSPeX2KoIR4hxF3ixyG17TmwOuEr8iDVChE7lfQSJxzokwmCGth76XmbBAylDMyKwe5JpkCE/QiAwt FYgTHRbz+DN4YZUEplLZIwycq783CsR1mdBOcmTGetkrxf+8YW7Sm7CgIssNEXjxUJozaCQsu4AJVQQbNrUEYUVtVojHSCFsbGN1W4K//OVV0ms1fcvvrxrtVlVHDZyBc3AJfHAN2uAOdEAXYFCAZ/AK3pwn58V5dz4Wo2tOtXMC/sD5/AG185Xm</latexit><latexit sha1_base64="XbRzb+Aln2GSim8/ZZTtu82riXU=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIvgqewWQY8FLx4r2Ad0lyWbzbaheS xJVihLwb/ixYMiXv0d3vw3Zts9aOtAyDDzfWQyccaoNp737aytb2xubdd26rt7+weH7tFxT8tcYdLFkkk1iJEmjArSNdQwMsgUQTxmpB9Pbku//0iUplI8mGlGQo5GgqYUI2OlyD0NYskSPeX2KoIR4hxF3ixyG17TmwOuEr8iDVChE7lfQSJxzokwmCGth76XmbBAylDMyKwe5JpkCE/QiAwt FYgTHRbz+DN4YZUEplLZIwycq783CsR1mdBOcmTGetkrxf+8YW7Sm7CgIssNEXjxUJozaCQsu4AJVQQbNrUEYUVtVojHSCFsbGN1W4K//OVV0ms1fcvvrxrtVlVHDZyBc3AJfHAN2uAOdEAXYFCAZ/AK3pwn58V5dz4Wo2tOtXMC/sD5/AG185Xm</latexit><latexit sha1_base64="XbRzb+Aln2GSim8/ZZTtu82riXU=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIvgqewWQY8FLx4r2Ad0lyWbzbaheS xJVihLwb/ixYMiXv0d3vw3Zts9aOtAyDDzfWQyccaoNp737aytb2xubdd26rt7+weH7tFxT8tcYdLFkkk1iJEmjArSNdQwMsgUQTxmpB9Pbku//0iUplI8mGlGQo5GgqYUI2OlyD0NYskSPeX2KoIR4hxF3ixyG17TmwOuEr8iDVChE7lfQSJxzokwmCGth76XmbBAylDMyKwe5JpkCE/QiAwt FYgTHRbz+DN4YZUEplLZIwycq783CsR1mdBOcmTGetkrxf+8YW7Sm7CgIssNEXjxUJozaCQsu4AJVQQbNrUEYUVtVojHSCFsbGN1W4K//OVV0ms1fcvvrxrtVlVHDZyBc3AJfHAN2uAOdEAXYFCAZ/AK3pwn58V5dz4Wo2tOtXMC/sD5/AG185Xm</latexit><latexit sha1_base64="XbRzb+Aln2GSim8/ZZTtu82riXU=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIvgqewWQY8FLx4r2Ad0lyWbzbaheS xJVihLwb/ixYMiXv0d3vw3Zts9aOtAyDDzfWQyccaoNp737aytb2xubdd26rt7+weH7tFxT8tcYdLFkkk1iJEmjArSNdQwMsgUQTxmpB9Pbku//0iUplI8mGlGQo5GgqYUI2OlyD0NYskSPeX2KoIR4hxF3ixyG17TmwOuEr8iDVChE7lfQSJxzokwmCGth76XmbBAylDMyKwe5JpkCE/QiAwt FYgTHRbz+DN4YZUEplLZIwycq783CsR1mdBOcmTGetkrxf+8YW7Sm7CgIssNEXjxUJozaCQsu4AJVQQbNrUEYUVtVojHSCFsbGN1W4K//OVV0ms1fcvvrxrtVlVHDZyBc3AJfHAN2uAOdEAXYFCAZ/AK3pwn58V5dz4Wo2tOtXMC/sD5/AG185Xm</latexit>
;
;
(see caption) (see caption)
Fig. 2. Example execution of FMPC for 3 users and 2 nodes. Each user
receives a normalized mask function from Trusty. Alice computes and sends
{a0, (A+B)} to node1 and (A−B) to node2; Bob sends {α0, (α+β)}
to node1 and (α− β) to node2; and Charlie sends {γ0,γ + %} to node1
and (γ−%) to node2. Node1 outputs s1 = 1/2(a0α0γ0)+1/2(A+B) ·
(α+β)·(γ+%), and node2 outputs s2 = 1/2(A−B)·(α−β)·(γ−%);
according to Equation (28), anyone can compute s1 + s2 = abc.
coefficient is given by
η−1 =
1
l
∫ l
−l
(
φ1(x)(φ2 ? φ3)(x) + φ2(x)(φ1 ? φ3)(x)+
φ3(x)(φ1 ? φ2)(x)− 2φˆ3c(x)(φˆ1c ? φˆ2c)(x)
)
dx (32)
with
φˆic ≡ 1
2
(
φi(x) + φi(−x)
)
with (i = 1, 2, 3) (33)
and the three normalized mask-functions read
φ˜1(x) = η
q1φ1(x) φ˜2(x) = η
q2φ2(x) φ˜3(x) = η
1−q1−q2φ3(x)
where q1 and q2 are two positive real numbers subject to the
condition 0 < q1 + q2 < 1. Alice locally computes {a0,A}
and B; Bob computes {α0,α} and β; and Charlie computes
{γ0,γ} and % similarly to Equation (2) and Equation (6). Alice
sends {a0,A + B} to node1 and (A−B) to node2; Bob sends
{α0, (α+ β)} to node1 and (α− β) to node2; and Charlie
sends {γ0, (γ + %)} to node1 and (γ − %) to node2. Finally,
node1 outputs s1 = 12a0α0γ0+
1
2(A+B) ·(α+β) ·(γ+%),
and node2 outputs s2 = 12(A − B) · (α − β) · (γ − %);
following Equation (28), anyone can compute s1 + s2 = abc.
VII. RELATED WORKS
There are two main constructions of multiparty protocols:
circuit garbling and secret-sharing. Circuit garbling involves
encrypting keys in a specific order to simulate a circuit
evaluation [1]; secret-sharing based protocol as FMPC break
the inputs among all nodes who use their shares to evaluate
some function through local computations [3], [7], [11], [10].
SPDZ [6] is one of the most notorious secret-sharing based
multiparty computation protocol scaling to an arbitrary number
of users; SPDZ is secure against active adversaries using
MACs to verify the integrity of computations, and does not
require any kind of trusted third parties; it requires however
expensive somewhat homomorphic encryption (SHE) to gen-
erate the triples used to compute multiplication of secrets.
SPDZ2 [5] offers various improvements of the offline phase of
SPDZ, and allows the MACs to be checked without revealing
its key, thus allowing the MAC to be re-used after it is checked.
Mascot [9] uses oblivious transfer rather than SHE to further
improve performances of the offline phase and generate triples.
The literature following SPDZ mainly improves the offline
phase, while FMPC innovates on the online phase. Most
multiparty protocols for arithmetic circuits based on secret-
sharing that scale to an arbitrary number of users are based
on the algebra introduced by Donald Beaver [2]. They thus
require triples to compute multiplication of secrets and im-
pose communication between nodes during the online phase;
their online latency therefore increases with the number of
multiplications to evaluate. FMPC comes with a different
trade-off: FMPC nodes do not communicate during the online
phase and thus enjoy constant (and low) online latency in the
size of the circuit, at the cost of not supporting composition
of operations (see Section VIII) which makes FMPC only
suitable to evaluate low-depth circuits. Established secret-
sharing protocols face a trade-off between security and online
latency—adding nodes improves security but increases latency.
FMPC forgoes this trade-off since multiplications can always
be performed by two nodes (see Section VI); however its
security rely on the choice of the mask functions.
VIII. LIMITATIONS AND FUTURE WORK
FMPC has several limitations that are beyond the scope of
this work, and deferred to future work. FMPC (i) does not sup-
port composition of operations. That is, while most established
scheme [6], [5], [9] can evaluate expressions like (a+b)(c+d)
with two additions and one multiplication, FMPC needs to
distribute the operation and evaluate (ac+ ad+ bc+ bd). This
limitation is problematic for large computations and makes
FMPC suitable only to evaluate circuits with a relatively small
number of multiplications. Other limitations are (ii) that the
security and efficiency of the scheme rely on the choice of the
mask functions. We also defer as future work (iv) adapting our
scheme to withstand active adversaries, potentially adapting the
MAC-based approach introduced by SPDZ [6].
IX. CONCLUSIONS
FMPC is a novel secret-sharing multiparty computation
protocol of arithmetic circuits that requires no online commu-
nication between nodes to compute multiplication of secrets;
FMPC innovates on the online phase by applying Fourier
series to Parseval’s identity. FMPC enjoys of constant latency
in the size of the circuit, but is only suitable to evaluate
low-depth circuits. We introduce the first generalization of
Parseval’s identity for Fourier series applicable to an arbitrary
number of inputs, and use it to allow FMPC to operate on an
arbitrary number of inputs. FMPC paves the way for new kind
of multiparty computation protocols, hopefully encouraging
discussions and spurring new directions to explore.
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APPENDIX
We show how the arithmetic described in Section IV can
be computed numerically using finite fields computations.
Equation (1) reads in complex variables as below:
φ(x) =
∞∑
−∞
An exp
(
2inpix/L
)
where (34)
An =
1
L
∫ +L/2
−L/2
φ(x) exp
(−2inpix/L)dx
Coefficients An are linked to coefficients an and bn by the
following relations
An =
{
1/2(an + ibn) if n < 0
a0/2 if n = 0
1/2(an − ibn) if n > 0
; and L = 2l
For two users, Parseval’s identity reads
∞∑
−∞
AnB¯n =
1
L
∫ +L/2
−L/2
φ(x)ψ¯(x)dx (35)
where Bn is the complex Fourier transform of function ψ(x)
and the bar over the variables indicates the complex conjugate
operation. The discrete version of Equations 34 and 35 can be
obtained by introducing a Galois Field. Let’s assume a finite
field Fpm where p is a prime and m a positive integer, and let
N be a divisor of pm−1 (possibly N = pm−1); any periodic
function f(n) with period N (i.e., f(n + N) = f(n) for all
integers n) can be expressed as a finite Fourier series of the
form
f(n) = 1/N
N−1∑
κ=0
g(κ) exp
(
2piiκn/N
)
(36)
with {g(k)} ∈ Fpm with k = 0, 1, . . . , N − 1. Note that
exp
(
2piiκ/N
)
is a N − th root of unity and the terms
exp
(
2piiκn/N
)
appearing in the expression for the finite
Fourier series above are the n − th powers of this. Note
that Equation (36) can also be evaluated outside the domain
κ ∈ [0, N − 1] since the extended sequence is N−periodic.
The fundamental theorem for discrete Fourier transforms also
provides a simple formula for the coefficients {g(k)} [12], [4]:
g(κ) =
N−1∑
n=0
f(n) exp
(−2piiκn/N) (37)
The validity of the periodicity property satisfied by g(κ) (i.e.,
g(κ+N) = g(κ)) and the following orthogonality relation
1/N
N−1∑
n=0
exp
(
2pii(κ− κ′)n/N) = δκκ′ (38)
are easily checked. Parseval’s identity states
N−1∑
κ=0
AκB¯κ = N
N−1∑
n=0
φnψ¯n (39)
with {Aκ} and {Bκ} denoting the discrete Fourier transform
coefficients of the sequences {φn} and {ψn}, respectively. The
convolution theorem for discrete Fourier transforms indicates
that the convolution of two infinite sequences can be obtained
as the inverse transform of the product of the individual
transforms. A simplification occurs when the sequences are
of finite length N . Let us suppose a sequence extended by
periodic summation as
(φN )n ≡
∞∑
ι=−∞
φ(n−ιN) = φn(mod N) (40)
The convolution operation between two sequences {φn} and
{ψn}, extended by periodic summation, is defined as
(φ ? ψN )n ≡
N−1∑
ι=0
φι(ψN )n−ι (41)
We get:
F [(φ ? ψN )n] = (A ·B)n (42)
with F indicating the DFT operation and dot stands for
element-wise multiplication between the two sequences {Aκ}
and {Bκ}. The convolution theorem duality reads
F [(φ · ψ)κ] = 1
N
(A ? BN )κ (43)
Despite Discrete Fourier Transforms (DFT) are efficient to
compute (e.g., through Fast Fourier Transforms), it is important
to note that a convenient choice of the mask-functions always
allows to obtain the expressions of the Fourier transforms
and Parseval’s identity analytically (i.e., without performing
any numerical calculations); computing DFT is only needed
if we operate using generic mask-functions. For instance,
Section V illustrates how to forgo numerical calculations using
the evaluation of the convergent sums given in Section III-C.
FMPC ultimately only requires addition, multiplication and
modular inversion over finite fields.
